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LLCWindWard
environmental

For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, or thin-layer placement in 2003 to 2005.

Total PCB concentration
(µg/kg dw)

a

95
th
 percentile = 810

75
th
 percentile = 210

> 810

> 210 and ≤ 810

≤ 210

a Percentiles were calculated on an
area basis as the concentration at
which a particular percentage of 
the LDW area has IDW-interpolated
values less than or equal to that
concentration (e.g., the 95th percentile
is the concentration at which 95%
of the LDW area has concentrations
≤ 810 µg/kg dw). Thiessen polygons
were created that had concentrations
above these percentile values.
Thiessen polygon concentrations
were calculated including locations
with non-detected values. For
locations with non-detects for all
individual Aroclors, a value equal
to the highest RL of an individual
Aroclor was used.

cPAH concentration
(µg/kg dw)

a

95
th
 percentile = 1,100

75
th
 percentile = 460

> 1,100

> 460 and ≤ 1,100

≤ 460

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95% of
the LDW area has concentrations
≤ 1,100 µg/kg dw). Thiessen
polygon concentrations were
calculated including locations
with non-detected values.
TEQs were calculated with
mammalian PEFs for seven
individual PAH compounds
(California EPA 1994), using
one-half the RL for undetected
compounds.

Arsenic concentration
(mg/kg dw)

a

95
th
 percentile = 25

75
th
 percentile = 14

> 25

> 14 and ≤ 25

≤ 14

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95% of
the LDW area has concentrations
≤ 25 mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-
detected values. For locations
with non-detects, a value of one-
half the RL at that location was used.

Dioxin and furan TEQ
(ng/kg dw)

a

95
th
 percentile = 524

75
th
 percentile = 17

�) > 524

�) > 17 and ≤ 524

�) ≤ 17

a Percentiles were calculated
on a numerical basis using all
values from the baseline surface
sediment dataset. Percentiles
were not calculated on an
area basis as for the other
chemicals because there
were too few dioxin and furan
samples to establish a spatial
distribution. TEQs were
calculated using mammalian
TEFs for individual dioxin and
furan congeners (Van den Berg
et al. 2006), using one-half the
reporting limit for undetected
congeners.

Scale is the same for each inset map
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95
th
 percentile = 990

75
th
 percentile = 440

> 990

> 440 and ≤ 990

≤ 440

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of the 
LDW area has Thiessen
polygon values less than or 
equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95%
of the LDW area has Thiessen
polygon concentrations ≤ 990
mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-detected
values. For locations with non-detects,
a value of one-half the RL at that
location was used.
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Map ES-2b. 95th and 75th Percentiles of risk driver
chemicals, RM 1.8 to RM 3.7

LLCWindWard
environmental

Total PCB concentration
(µg/kg dw)

a

95
th
 percentile = 810

75
th
 percentile = 210

> 810

> 210 and ≤ 810

≤ 210

a Percentiles were calculated on
an area basis as the concentration
at which a particular percen-
tage of the LDW area has
IDW-interpolated values less than
or equal to that concentration (e.g.,
the 95th percentile is the concen-
tration at which 95% of the
LDW area has concentrations
≤ 810 µg/kg dw). Thiessen polygons
were created that had concentra-
tions above these percentile
values. Thiessen polygon
concentrations were calculated
including locations with non-detected
values. For locations with non-
detects for all individual
Aroclors, a value equal to the
highest RL of an individual Aroclor
was used.

cPAH concentration
(µg/kg dw)

a

95
th
 percentile = 1,100

75
th
 percentile = 460

> 1,100

> 460 and ≤ 1,100

≤ 460

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95% of
the LDW area has concentrations
≤ 1,100 µg/kg dw). Thiessen
polygon concentrations were
calculated including locations
with non-detected values.
TEQs were calculated with
mammalian PEFs for seven
individual PAH compounds
(California EPA 1994), using
one-half the RL for undetected
compounds.

Arsenic concentration
(mg/kg dw)

a

95
th
 percentile = 25

75
th
 percentile = 14

> 25

> 14 and ≤ 25

≤ 14

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is
the concentration at which 95% of
the LDW area has concentrations
≤ 25 mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-
detected values. For locations
with non-detects, a value of one-
half the RL at that location was used.

Dioxin and furan TEQ
(ng/kg dw)

a

95
th
 percentile = 524

75
th
 percentile = 17

�) > 524

�) > 17 and ≤ 524

�) ≤ 17

a Percentiles were calculated
on a numerical basis using all
values from the baseline
surface sediment dataset.
Percentiles were not calculated
on an area basis as for the other
chemicals because there were too
few dioxin and furan samples
to establish a spatial distribution.
TEQs were calculated using
mammalian TEFs for individual
dioxin and furan congeners
(Van den Berg et al. 2006),
using one-half the reporting limit for
undetected congeners.

Scale is the same for each inset map
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BEHP concentration
(µg/kg dw)

95
th
 percentile = 990

75
th
 percentile = 440

> 990

> 440 and ≤ 990

≤ 440

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of the 
LDW area has Thiessen
polygon values less than or 
equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95%
of the LDW area has Thiessen
polygon concentrations ≤ 990
mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-
detected values. For locations with
non-detects, a value of one-half the
RL at that location was used.
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Map ES-2c. 95th and 75th Percentiles of risk driver
chemicals, RM 3.7 to RM 6.0
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For the Norfolk Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, or thin-layer placement in 2003 and 2004.

Total PCB concentration
(µg/kg dw)

a

95
th
 percentile = 810

75
th
 percentile = 210

> 810

> 210 and ≤ 810

≤ 210

a Percentiles were calculated on an
area basis as the concentration at
which a particular percentage of 
the LDW area has IDW-interpolated
values less than or equal to that
concentration (e.g., the 95th percentile
is the concentration at which 95%
of the LDW area has concentrations
≤ 810 µg/kg dw). Thiessen polygons
were created that had concentrations
above these percentile values.
Thiessen polygon concentrations
were calculated including locations
with non-detected values. For
locations with non-detects for all
individual Aroclors, a value equal
to the highest RL of an individual
Aroclor was used.

cPAH concentration (µg/kg dw)
a

95
th
 percentile = 1,100

75
th
 percentile = 460

> 1,100

> 460 and ≤ 1,100

≤ 460

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95% of
the LDW area has concentrations
≤ 1,100 µg/kg dw). Thiessen
polygon concentrations were
calculated including locations
with non-detected values.
TEQs were calculated with
mammalian PEFs for seven
individual PAH compounds
(California EPA 1994), using
one-half the RL for undetected
compounds.

Arsenic concentration
(mg/kg dw)

a

95
th
 percentile = 25

75
th
 percentile = 14

> 25

> 14 and ≤ 25

≤ 14

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95% of
the LDW area has concentrations
≤ 25 mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-
detected values. For locations
with non-detects, a value of one-
half the RL at that location was used.

Dioxin and furan TEQ
(ng/kg dw)

a

95
th
 percentile = 524

75
th
 percentile = 17

�) > 524

�) > 17 and ≤ 524

�) ≤ 17

a Percentiles were calculated
on a numerical basis using all
values from the baseline surface
sediment dataset. Percentiles
were not calculated on an
area basis as for the other
chemicals because there
were too few dioxin and furan
samples to establish a spatial
distribution. TEQs were
calculated using mammalian
TEFs for individual dioxin and
furan congeners (Van den Berg
et al. 2006), using one-half the
reporting limit for undetected
congeners.

Scale is the same for each inset map
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BEHP concentration
(µg/kg dw)

95
th
 percentile = 990

75
th
 percentile = 440

> 990

> 440 and ≤ 990

≤ 440

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of the 
LDW area has Thiessen
polygon values less than or 
equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95%
of the LDW area has Thiessen
polygon concentrations ≤ 990
mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-detected
values. For locations with non-detects,
a value of one-half the RL at that
location was used.
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For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, or thin-layer placement in 2003 to 2005.
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Map 2-2.  Water Resource Inventory Area 9
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Map 2-5.  Surficial geology in the Greater 
Duwamish Valley and associated cross 
section locations
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Map 2-6. Grain size distribution in surface
sediment using Thiessen polygons

±

±

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

LLCWindWard
environmental

Silt+clay (% fines dw)

> 80%

> 60% and ≤ 80%

> 40% and ≤ 60%

> 20% and ≤ 40%

≤ 20%

Navigation channel

Road

River mile

Outfall classification
a

k

#*

9 CSO

k

#*

9 CSO/storm drain

k

#*

9 EOF

k

#*

9 EOF/storm drain

k

#*

9
Permitted private
storm drain

k

#*

9 Private storm drain

k

#*

9 Public storm drain

k

#*

9
Pipe of unresolved
origin and/or use

XW� Abandoned

XW� Not an outfall

GF

Stream, channel,
or swale

a Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

k9 k9

#



GF

GF

XW�

XW�

k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

Slip 1

Slip 2

Kellogg I.

Harbor I.

1.9

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.1

0.9

0.1

0.2

0.3

0.6

0.5

0.4

0.0

2.0

1.0

W
 M

ar
gi

na
l W

ay
 S

West Seattle Bridge

GF

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�XW�XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW

XW�

XW�XW�

XW�

XW�

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k9

k

#*

9
k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9
k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9 k

#*

9 k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9k

#*

9
k

#*

9

k

#*

9
k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

Slip 4

Slip 3

Slip 6

2.2

2.1

3.9

3.8

3.7

3.6

3.5

3.4

3.3

3.2

3.1

2.9

2.8

2.7

2.6

2.5

2.4

2.3

2.0

3.0

E
 M

argina l W
ay S

1s
t A

ve
. S

 B
rid

ge

South P
ark 

Brid
ge

GF

XW�

XW�

XW�XW�

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9

k

#*

9

k

#*

9

Slip 6

Upper
Turning 

Basin

4.2

5.7

5.6

5.5

5.4

5.3

5.2

5.1

4.9

4.
8

4.
7

4.6

4.5

4.4

4.3

5.0

H
w

y 
99

S. 102nd St. B
ridge

P
re

pa
re

d 
by

 C
E

H
 0

6/
28

/2
01

0;
 M

ap
 2

86
6;

 W
:\P

ro
je

ct
s\

00
-0

8-
06

_D
uw

am
is

h_
R

I\d
at

a\
gi

s\
P

ha
se

2 
R

I\I
nt

ro
 -

 E
nv

 S
et

tin
g

±
Map 2-7. Percent total organic carbon in
surface sediment using Thiessen polygons
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Scale is the same for each inset map
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a Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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 Source: Windward 2005x and the Port of Seattle.
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 Source: City of Seattle Department of Parks and Recreation

and King County. Features limited to parks, playgrounds,
play fields, trails, view points, and greenbelts within the
Duwamish River hydrological basin.
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Map 2-9. SPI station mean aRPD depth with
percent fines using Thiessen polygons

Station mean apparent redox potential
discontinuity (aRPD) depth
(cm below mudline)

Silt+clay (% fines dw)
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Scale is the same for each inset map
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Data are based on the Ecology SPI survey (2006). Statistics
are based on mean aRPD depth (from three replicate images)
at each station.
Minimum: 0.3 cm
Maximum: 5.4 cm
Mean: 2.6 cm
Std Dev: 1.1 cm
N: 80
95% UCL: 2.9 cm
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Map 2-10. SPI station minimum and maximum
void depth with percent fines using Thiessen
polygons

Station minimum and maximum depth below
the mudline of observed feeding voids
(cm below mud-line)

Silt+clay (% fines dw)
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Scale is the same for each inset map
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Data are based on the Ecology SPI survey (2006). Statistics
based on deepest void depth observed in each replicate
image at each station.
Minimum: 0 cm
Maximum: 19.5 cm
Mean: 10.3 cm
Std Dev: 3.9 cm
N: 119
95% UCL: 11.0 cm
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Map 2-11. SPI station successional stages
with percent fines using Thiessen polygons
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Data are based on the Ecology SPI survey (2006).
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Tax parcel information was provided in 2008 by
Seattle Public Utilities and King County. Some
tax parcel polygons were edited to conform to the
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conducted.

Lighter shades indicate areas where property 
ownership extends into water. 
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Map 3-10.
Spatial distribution of
predicted bed-source

content in surface layer
(0-10 cm) of the bed at

the end of 30-year period.

LEGEND

Bed source content (%)

0 - 25

25 - 50

50 - 75

75 - 100

Roads

Neighborhoods

Outside model domain

Hard bottom

Navigation channel

Shore line

River miles

R
each 1

R
each 1

R
each 2a

R
each 2b

R
each 2b

R
each 3

0 100 200 0 100 200 0 100 200



Kellogg
Island

1.0

0.0

1.9

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

1s
t

W
es

t M
a

rg
in

a
l

M
arginal

Front

FC- \\Gis_station\D_DRIVE\Private\RETldw\GIS_plot\layout_bed_elv_chg_070205.mxd

April 2008

LOWER DUWAMISH
WATERWAY STUDY AREA

SEATTLE, WA

3.0

2.0

2.2

3.6

3.5

3.4

3.3

3.1

2.9

2.8

2.7

2.6

2.5

2.4

2.3

3.2

1.9

1.8

2.1

1s
t

4t
h

16th

14
th

Michigan M
a

rgina
l

E
ast M

argin
al

Cloverdale

Front

Carle
ton

Thistle

Unnam
ed

16th

E
astM

argin
al

5.
0

4.
9

4.
8

4.
7

4.6

4.5

4.4

4.3

4.2

4.1

3.9

3.8

3.7

3.6

E
ast M

argin
al

GEORGETOWN

SOUTH PARK

LOCATOR MAP

metersmetersmeters

Map 3-11.
Spatial distribution of

predicted upstream-source
content in surface layer
(0-10 cm) of the bed at

the end of 30-year period.
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Map 4-2. Locations of surface sediment 
samples analyzed as part of LDW-wide events
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a Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2. For the Duwamish/Diagonal Early Action
Area, surface sediment data in the baseline dataset represent samples
collected before dredging, capping, or thin-layer capping in 2003 to
2005. For the Norfolk Early Action Area, surface sediment data
represent samples collected after dredging and capping at the Norfolk
CSO removal area in 1999 and before sediment removal and capping
at the Boeing Developmental Center south storm drain in 2003.
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a Several of the EAA boundaries are approximate
and have not been finalized by EPA/Ecology; a
description of each EAA boundary is presented
in Section 9.2.2. For the Duwamish/Diagonal
Early Action Area, surface sediment sampling
locations in the baseline dataset represent
samples collected before dredging, capping, or
thin-layer placement in 2003 to 2005.

b Tax parcel information was provided in
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Some tax parcel polygons were edited to
conform to the LDW shoreline presentation. A
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a Several of the EAA boundaries are
approximate and have not been finalized
by EPA/Ecology; a description of each
EAA boundary is presented in Section
9.2.2. For the Duwamish/Diagonal Early
Action Area, surface sediment sampling
locations in the baseline dataset
represent samples collected before
dredging, capping, or thin-layer
placement in 2003 to 2005.

b Tax parcel information was provided in
2008 by Seattle Public Utilities and King
County. Some tax parcel polygons were
edited to conform to the LDW shoreline
presentation. A comprehensive survey
of property-owner records was not
conducted.
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a Tax parcel information was provided in 2008
by Seattle Public Utilities and King County.
Some tax parcel polygons were edited to
conform to the LDW shoreline presentation.
A comprehensive survey of property-owner
records was not conducted.
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a Tax parcel information was provided in 2008
by Seattle Public Utilities and King County.
Some tax parcel polygons were edited to
conform to the LDW shoreline presentation.
A comprehensive survey of property-owner
records was not conducted.
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Map 4-4e. Surface sediment sampling
locations, RM 2.0 to RM 2.6
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a Several of the EAA boundaries are
approximate and have not been finalized by
EPA/Ecology; a description of each EAA
boundary is presented in Section 9.2.2.

b Tax parcel information was provided by
Seattle Public Utilities and King County.
Some tax parcel polygons were edited to
conform to the LDW shoreline presentation.
A comprehensive survey of property-owner
records was not conducted.
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Map 4-4f. Surface sediment sampling
locations, RM 2.6 to RM 3.3
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a Several of the EAA boundaries are approximate and have not been finalized by EPA/
Ecology; a description of each EAA boundary is presented in Section 9.2.2.

b Tax parcel information was provided in 2008 by Seattle Public Utilities and King County.
Some tax parcel polygons were edited to conform to the LDW shoreline presentation.
A comprehensive survey of property-owner records was not conducted.
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Map 4-4g. Surface sediment sampling
locations, RM 3.3 to RM 3.9
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a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each 
EAA boundary is presented in Section 9.2.2.

b Tax parcel information was provided in 2008 by Seattle Public Utilities and King County. Some tax parcel polygons
were edited to conform to the LDW shoreline presentation. A comprehensive survey of property-owner records was
not conducted.
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the LDW shoreline presentation. A comprehensive survey of
property-owner records was not conducted.
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Map 4-5. Locations of subsurface sediment 
cores analyzed as part of discrete events

Scale is the same for each inset map
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collected prior to dredging.
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Dredging information provided by AECOM.
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Map 4-6. Locations of subsurface sediment 
cores analyzed as part of LDW-wide events

Scale is the same for each inset map
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a Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

b Subsurface sediment data at locations in dredged areas were
collected prior to dredging.
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Dredging information provided by AECOM.
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collected prior to dredging. Labels adjacent to each
dredged area indicate the project name and the year
of dredging (and capping or thin-layer placement,
where applicable).
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Map 4-7b. Subsurface sediment core locations
and dredging events, RM 1.2 to RM 2.4
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Map 4-7c. Subsurface sediment core locations
and dredging events, RM 2.4 to RM 3.7
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where applicable).
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Map 4-7d. Subsurface sediment core locations
and dredging events, RM 3.7 to RM 5.0
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Dredging information provided by AECOM.

! Subsurface core location
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River mile
a Samples at locations within dredged areas were
collected prior to dredging. Labels adjacent to each
dredged area indicate the project name and the year
of dredging (and capping or thin-layer placement,
where applicable).
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Map 4-8a. Locations with subsurface 
sediment data within the 0-to-2-ft, 2-to-4-ft,
and 4-to-6-ft sampling intervals, RM 0.0 to
RM 1.8
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a
 If data were available for 1-foot intervals, concentrations were 

averaged for an estimated concentration in each 2-foot interval. The 
0-to-2-foot interval was calculated from the 0-to-1-foot and 1-to-2-foot 
intervals, the 2-to-4-foot interval was calculated from the 2-to-3-foot 
and 3-to-4-foot intervals, and the 4-to-6-foot interval was calculated 
from the 4-to-5-foot and 5-to-6-foot intervals.

b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c
 Subsurface sediment data at locations in dredged areas were

collected prior to dredging.

Subsurface core locations with
0-to-2-ft sampling intervals

Subsurface core locations with
2-to-4-ft sampling intervals

Subsurface core locations with
4-to-6-ft sampling intervals

Dredging information provided by AECOM.
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Map 4-8b. Locations with subsurface
sediment data within the 0-to-2-ft, 2-to-4-ft,
and 4-to-6-ft sampling intervals, RM 1.8 to
RM 3.7

Scale is the same for each map frame
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Subsurface core location with empirical
data for specified core interval
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Subsurface core location with calculated
data for specified core interval
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Subsurface core location with no data
for specified core interval

Early Action Area
b

Dredged area
c

Road

Navigation channel

River mile

LLCWindWard
environmental

a
 If data were available for 1-foot intervals, concentrations were 

averaged for an estimated concentration in each 2-foot interval. The 
0-to-2-foot interval was calculated from the 0-to-1-foot and 1-to-2-foot 
intervals, the 2-to-4-foot interval was calculated from the 2-to-3-foot 
and 3-to-4-foot intervals, and the 4-to-6-foot interval was calculated 
from the 4-to-5-foot and 5-to-6-foot intervals.

b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c
 Subsurface sediment data at locations in dredged areas were

collected prior to dredging.

Subsurface core locations with
0-to-2-ft sampling intervals

Subsurface core locations with
2-to-4-ft sampling intervals

Subsurface core locations with
4-to-6-ft sampling intervals

Dredging information provided by AECOM.
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Map 4-8c. Locations with subsurface 
sediment data within the 0-to-2-ft, 2-to-4-ft,
and 4-to-6-ft sampling intervals, RM 3.7 to
RM 6.0

Scale is the same for each map frame
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a
 If data were available for 1-foot intervals, concentrations were 

averaged for an estimated concentration in each 2-foot interval. The 
0-to-2-foot interval was calculated from the 0-to-1-foot and 1-to-2-foot 
intervals, the 2-to-4-foot interval was calculated from the 2-to-3-foot 
and 3-to-4-foot intervals, and the 4-to-6-foot interval was calculated 
from the 4-to-5-foot and 5-to-6-foot intervals.

b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c
 Subsurface sediment data at locations in dredged areas were

collected prior to dredging.

Subsurface core 
locations with 0-to-2-ft 
sampling intervals

Subsurface core 
locations with 2-to-4-ft 
sampling intervals

Subsurface core 
locations with 4-to-6-ft 
sampling intervals

Dredging information provided by AECOM.
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Map 4-9. Fish tissue sampling locations

Scale is the same for each inset map
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King County Water Quality Assessment; King County (1999b)
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a Pacific staghorn sculpin were also collected in a subset of shrimp 
traps shown on Map 4-10.
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Map 4-10. Benthic invertebrate and shellfish
tissue sampling locations

Scale is the same for each inset map
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!@ Dungeness and slender crabs
a
 (2007)  

!@ Dungeness and slender crabs
a
 (2005)  

!@ Dungeness and slender crabs
a
 (2004)  

!GF Benthic invertebrates (2004)  

#0 Clams (2007)  

#0 Clams (2004)  

LDW RI tissue sampling areas (2004, 2005, 2007)

T1  

T2  

T3  

T4  

Waterway Sediment Operable Unit; ESG (1998)

!@ Dungeness and red rock crabs (1998)  

King County Water Quality Assessment; King County (1999b)

!@ Dungeness crabs (1997)  

Amphipods (1997-1998)  

�/ Wild mussels (1996-1997)  

�/ Transplanted mussels (1996-1997)  

Road

Navigation channel

River mile

LLCWindWard
environmental

a Each location represents an individual crab trap or a pair of crab and
shrimp traps. Crabs were also captured in a subset of LDW RI trawls 
shown on Map 4-9. At some locations, crabs were captured but were 
not used in the compositing for chemical analysis. In addition, crabs
were not captured at all crab trap locations.
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Map 4-11a. Seep water and surface water 
sampling locations
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Map 4-11b. Seep water sampling data (only
detected chemicals), RM 0.0 to RM 2.5

LLCWindWard
environmental
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!(S-6

S-5

S-4

S-3

S-2

S-1

S-12

S-11

S-14 S-13

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.00117 0.00167 

Cadmium mg/L 0.000508 0.000588 

Copper mg/L 0.00825 J 0.0122 J

Lead mg/L 0.000204 0.00530 

Mercury mg/L 0.00000338 0.0000143 

Nickel mg/L 0.00346 0.00598 

Silver mg/L 0.000099 0.00011 

Zinc mg/L 0.161 0.194 

SP-82

Analyte Unit N

# of 

Detects

Range of 

Detects

1,2-Dichloroethene (total) µg/L 4 1 8.0

Vinyl chloride µg/L 6 1 1.0

S-11

Analyte Unit N

# of 

Detects

Range of 

Detects

1,1-Dichloroethane µg/L 7 2 1.5  - 2.0

1,1-Dichloroethene µg/L 7 1 1.0

1,2-Dichloroethene (total) µg/L 5 4 1.0  - 19

Tetrachloroethene µg/L 7 1 2.6

Toluene µg/L 7 1 2.0

Trichloroethene µg/L 7 1 1.0

Vinyl chloride µg/L 7 2 1.0  - 2.0

Total xylene µg/L 5 1 1.0

S-4

0 200 400
Feet

Seep sampling event

!( Great Western

!( LDW RI

Road

Navigation channel

River mile

Note: All results are presented if single samples were analyzed at a given location; if multiple
samples were analyzed, the concentration range and number of detects are presented. Only
chemicals with detected concentrations are shown (in either filtered or unfiltered samples).

Analyte Unit N

# of 

Detects

Range of 

Detects

Acetone µg/L 3 1 6.4

Tetrachloroethene µg/L 4 2 1.3  - 5.8

S-6

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.00102 0.00191 

Cadmium mg/L 0.000023 0.000078 

Copper mg/L 0.00607 U 0.0121 J

Lead mg/L 0.000175 0.0152 

Mercury mg/L 0.00000201 0.0000322 

Nickel mg/L 0.00195 0.00344 

Silver mg/L 0.000070 0.000068 

Zinc mg/L 0.0102 0.0269 

Aroclor-1254 µg/L 0.017 U 0.020 J

Total PCBs µg/L 0.017 U 0.020 J

SP-71

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.00147 0.00164 

Cadmium mg/L 0.000016 0.000112 

Copper mg/L 0.00463 U 0.00806 J

Lead mg/L 0.000066 0.000356 

Mercury mg/L 0.00000349 0.0000127 

Nickel mg/L 0.00322 0.00452 

Silver mg/L 0.000053 0.000053 

Zinc mg/L 0.00395 0.0456 

SP-69 Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.00220 0.00249 

Cadmium mg/L 0.000021 0.000031 

Copper mg/L 0.00679 U 0.00843 J

Lead mg/L 0.000056 0.000650 

Mercury mg/L 0.00000077 0.00000171 

Nickel mg/L 0.00142 0.00348 

Silver mg/L 0.000081 0.000068 

Zinc mg/L 0.00535 0.00836 

SP-75

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.253 0.287 

Cadmium mg/L 0.000091 0.000204 

Copper mg/L 0.00328 UJ 0.0509 

Lead mg/L 0.00300 0.0564 

Mercury mg/L 0.0000153 0.0000616 

Nickel mg/L 0.00237 J 0.00379 

Silver mg/L 0.000012 0.000077 

Zinc mg/L 0.138 J 0.309 

SP-76

Analyte Unit N

# of 

Detects

Range of 

Detects

1,1,1-Trichloroethane µg/L 10 1 1.0

1,1-Dichloroethane µg/L 10 7 1.0  - 4.1

1,1-Dichloroethene µg/L 10 1 1.0

1,2,4-Trimethylbenzene µg/L 3 1 4.1

1,2-Dichloroethene (total) µg/L 7 7 1.0  - 37

Acetone µg/L 9 1 1.0

cis-1,2-Dichloroethene µg/L 3 3 5.6  - 41

Tetrachloroethene µg/L 10 10 1.0  - 19

Trichloroethene µg/L 10 8 2.0  - 8.0

Vinyl chloride µg/L 10 2 1.0  - 3.8

S-1

Analyte Unit N

# of 

Detects

Range of 

Detects

Acenaphthene µg/L 1 1 1.3

Total LPAH µg/L 1 1 1.3

Total PAH µg/L 1 1 1.3

1,2-Dichlorobenzene µg/L 3 2 1.0  - 1.3

1,1-Dichloroethane µg/L 3 3 53  - 62

1,1-Dichloroethene µg/L 3 2 18  - 27

1,2-Dichloroethane µg/L 3 1 8.5

1,2-Dichloropropane µg/L 3 1 2.7

Benzene µg/L 3 3 28  - 36

Chlorobenzene µg/L 3 1 4.1

cis-1,2-Dichloroethene µg/L 3 3 3,200  - 5,400

Tetrachloroethene µg/L 3 1 3.8

trans-1,2-Dichloroethene µg/L 3 3 27  - 72

Trichloroethene µg/L 3 2 6.2  - 11

Vinyl chloride µg/L 3 3 760  - 3,500

Xylene (ortho) µg/L 3 1 1.4

Total xylene µg/L 3 1 1.4

S-13

Analyte Unit N

# of 

Detects

Range of 

Detects

1,1-Dichloroethane µg/L 1 1 18

1,2-Dichloroethane µg/L 1 1 27

1,2-Dichloropropane µg/L 1 1 16

cis-1,2-Dichloroethene µg/L 1 1 2,000

trans-1,2-Dichloroethene µg/L 1 1 110

Vinyl chloride µg/L 1 1 670

S-14

Analyte Unit N

# of 

Detects

Range of 

Detects

1,1-Dichloroethane µg/L 10 5 1.0  - 47

1,1-Dichloroethene µg/L 10 1 11

1,2-Dichloroethane µg/L 10 4 1.0  - 8.0

1,2-Dichloroethene (total) µg/L 7 7 40  - 470

1,2-Dichloropropane µg/L 10 1 1.0

Acetone µg/L 9 1 5.6

Benzene µg/L 10 1 21

Chlorobenzene µg/L 10 1 8.8

cis-1,2-Dichloroethene µg/L 3 3 62  - 190

Tetrachloroethene µg/L 10 10 79  - 760

Toluene µg/L 10 1 2.7

trans-1,2-Dichloroethene µg/L 3 3 3.5  - 16

Trichloroethene µg/L 10 10 58  - 480

Vinyl chloride µg/L 10 5 1.0  - 1,100

Xylene (ortho) µg/L 3 1 2.8

Total xylene µg/L 3 1 2.8

S-2

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.00128 na

Cadmium mg/L 0.000045 na

Lead mg/L 0.000193 na

Mercury mg/L 0.00000126 J na

Silver mg/L 0.000049 na

Zinc mg/L 0.00386 na

Aroclor-1248 µg/L 0.017 U 0.092 

Aroclor-1254 µg/L 0.017 U 0.21 J

Aroclor-1260 µg/L 0.017 U 0.16 

Total PCBs µg/L 0.017 U 0.46 J

SP-64

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.00684 na

Cadmium mg/L 0.000109 na

Lead mg/L 0.000101 na

Mercury mg/L 0.00000256 na

Silver mg/L 0.000044 na

Zinc mg/L 0.0122 na

SP-62

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.0724 0.0672 

Cadmium mg/L 0.0000090 0.000022 

Lead mg/L 0.000088 0.000240 

Mercury mg/L 0.00000099 J 0.00000216 

Silver mg/L 0.000027 0.000030 

Zinc mg/L 0.00329 0.00349 

SP-61

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.000590 0.000855 

Cadmium mg/L 0.000011 0.000037 

Copper mg/L 0.0228 0.0214 

Lead mg/L 0.000078 0.000277 

Mercury mg/L 0.00000869 0.00000646 

Nickel mg/L 0.000040 U 0.00280 

Zinc mg/L 0.0168 0.0141 

Carbon disulfide µg/L na 1.1 

TPH - Diesel Range mg/L 0.50 0.54 

TPH mg/L 0.50 0.54 

SP-80

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.000404 0.00130 

Cadmium mg/L 0.000012 0.000710 

Chromium mg/L na 0.0749 

Lead mg/L 0.000703 0.296 

Mercury mg/L 0.0000132 0.000582 

Nickel mg/L 0.00084 0.00392 

Zinc mg/L 0.00545 0.322 

1,2-Dichlorobenzene µg/L 1.0 U 2.9 

1,3-Dichlorobenzene µg/L 3.6 58.3 

1,4-Dichlorobenzene µg/L 3.9 40.2 

Aroclor-1248 µg/L 0.21 4.7 

Aroclor-1254 µg/L 0.15 U 2.3 J

Aroclor-1260 µg/L 0.047 1.9 J

Total PCBs µg/L 0.26 8.9 J

Carbon disulfide µg/L na 2.4 

Chlorobenzene µg/L na 6.5 

Gasoline mg/L na 0.29 

TPH - Diesel Range mg/L 1.4 2.2 

TPH - Motor Oil Range mg/L 0.50 U 1.9 

TPH mg/L 1.4 4.1 

SP-54
 S
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Map 4-11c. Seep water sampling data (only
detected chemicals), RM 2.5 to RM 3.4

LLCWindWard
environmental

0 300 600
Feet

0 100 200
Meters

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.000422 0.000618 

Cadmium mg/L 0.000101 0.000127 

Copper mg/L 0.0101 J 0.0111 J

Lead mg/L 0.000154 J 0.00106 

Mercury mg/L 0.00000132 0.00000109 

Nickel mg/L 0.00156 0.00323 

Silver mg/L 0.000053 0.000054 

Zinc mg/L 0.0158 0.0177 

SP-48

Seep sampling event

!( Boeing Plant 2

!( LDW RI

Road

Navigation channel

River mile

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.01 0.012 

Lead mg/L 0.02 U 0.005 

Vanadium mg/L 0.004 0.02 

Zinc mg/L 0.008 U 0.02 

cis-1,2-Dichloroethene µg/L na 40 

Vinyl chloride µg/L na 36 

SE-11001

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.006 0.012 

Vanadium mg/L 0.01 U 0.01 

SE-21002

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.01 0.02 

Copper mg/L 0.002 U 0.03 

Mercury mg/L 0.00010 U 0.00020 

Vanadium mg/L 0.002 U 0.05 

Zinc mg/L 0.004 U 0.05 

SE-31003

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.008 0.009 

SE-41004

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.008 0.01 

Lead mg/L 0.02 U 0.004 

Vanadium mg/L 0.002 U 0.01 

SE-51005

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.01 0.01 

Lead mg/L 0.02 U 0.006 

Vanadium mg/L 0.002 U 0.02 

Zinc mg/L 0.004 U 0.02 

SE-61006

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.000771 0.00113 

Cadmium mg/L 0.000107 0.000133 

Copper mg/L 0.0125 J 0.0158 J

Lead mg/L 0.000129 0.000823 

Mercury mg/L 0.00000074 0.00000518 

Nickel mg/L 0.00424 0.00803 

Silver mg/L 0.000053 0.000033 

Zinc mg/L 0.0141 0.0161 

SP-12

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.000841 na

Cadmium mg/L 0.000085 na

Copper mg/L 0.00869 J na

Lead mg/L 0.000252 na

Mercury mg/L 0.00000092 na

Nickel mg/L 0.00132 na

Silver mg/L 0.000021 na

Zinc mg/L 0.01197 na

SP-10

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.008 0.008 

Copper mg/L 0.008 0.03 

Lead mg/L 0.02 U 0.005 

Vanadium mg/L 0.002 0.01 

Zinc mg/L 0.035 0.05 

SE-94105

Note: Only chemicals with detected concentrations are shown (in either
filtered or unfiltered samples). At some locations between RM 2.2 and
RM 2.5, multiple samples were collected over time. At those locations,
the range of concentrations is presented for detected chemicals.

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L na 0.005 

Chromium mg/L na 0.009 

Copper mg/L na 0.014 

Lead mg/L na 0.016 

Vanadium mg/L na 0.015 

Zinc mg/L na 0.052 

cis-1,2-Dichloroethene µg/L na 1.2 

Trichloroethene µg/L na 1.9 

SE-74101

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L na 0.004 

Chromium mg/L na 0.006 

Copper mg/L na 0.013 

Lead mg/L na 0.022 

Nickel mg/L na 0.01 

Vanadium mg/L na 0.022 

Zinc mg/L na 0.061 

Fluoranthene µg/L na 1.3 

Phenanthrene µg/L na 1.0 

Total HPAH µg/L na 1.3 

Total LPAH µg/L na 1.0 

Total PAH µg/L na 2.3 

Aroclor-1260 µg/L na 1.8 

Total PCBs µg/L na 1.8 

SE-84102
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Map 4-11d. Seep water sampling data (only
detected chemicals), RM 3.4 to RM 4.0

LLCWindWard
environmental

0 200 400
Feet

0 50 100
Meters

Chemical Unit

Filtered

Result

Unfiltered

Result

Copper mg/L 0.00500 J 0.00300

Zinc mg/L 0.00600 UJ 0.00700 J

SEEP_1

Chemical Unit

Filtered

Result

Unfiltered

Result

Chromium mg/L 0.00900 J 0.00600

Copper mg/L 0.00500 J 0.00250

BEHP µg/L na 8.9 J

SEEP_2

Chemical Unit

Filtered

Result

Unfiltered

Result

Chromium mg/L 0.00800 J 0.00700

Copper mg/L 0.00400 J 0.00400 

Aroclor-1260 µg/L na 0.94 J

Total PCBs µg/L na 0.94 J

SEEP_3

Seep sampling event

!( Boeing Plant 2

!( LDW RI

!( T-117

Road

Navigation channel

River mile

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.00135 0.00158 

Cadmium mg/L 0.000111 0.000114 

Copper mg/L 0.00816 J 0.0102 J

Lead mg/L 0.000096 0.00144 

Mercury mg/L 0.00000062 0.00000061 

Nickel mg/L 0.00525 0.00883 

Silver mg/L 0.000112 0.000086 

Zinc mg/L 0.00808 0.0108 

SP-20

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.008 0.02 

Chromium mg/L 0.02 U 0.018 

Copper mg/L 0.01 U 0.02 J

Lead mg/L 0.001 U 0.03 J

Mercury mg/L 0.00010 U 0.00020 

Nickel mg/L 0.05 U 0.01 

Vanadium mg/L 0.01 U 0.03 J

Zinc mg/L 0.02 U 0.08 J

Aroclor-1260 µg/L na 1.7 J

Total PCBs µg/L na 1.7 J

cis-1,2-Dichloroethene µg/L na 7.2 

Vinyl chloride µg/L na 3.1 

SE-SWY01

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.009 0.012 

Chromium mg/L 0.02 U 0.01 

Copper mg/L 0.01 U 0.052 

Lead mg/L 0.005 U 0.04 

Nickel mg/L 0.05 U 0.05 

Vanadium mg/L 0.01 U 0.02 

Zinc mg/L 0.09 0.2 

SE-SWY04

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L 0.008 0.01 

Chromium mg/L 0.02 U 0.049 

Copper mg/L 0.01 U 0.06 

Lead mg/L 0.001 U 0.1 

Mercury mg/L 0.00010 U 0.00020 

Nickel mg/L 0.05 U 0.03 

Vanadium mg/L 0.01 U 0.026 

Zinc mg/L 0.03 0.1 

Aroclor-1260 µg/L na 4.6 

Total PCBs µg/L na 4.6 

SE-SWY03

Note: Only chemicals with detected
concentrations are shown (in either
filtered or unfiltered samples).

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Chromium mg/L na 0.02 

Copper mg/L na 0.007 

Lead mg/L na 0.104 

Vanadium mg/L na 0.006 

Zinc mg/L na 0.036 

cis-1,2-Dichloroethene µg/L na 3.9 

Trichloroethene µg/L na 13 

SE-SWY02

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L na 0.008 

Copper mg/L na 0.006 

Lead mg/L na 0.005 

Vanadium mg/L na 0.003 

Zinc mg/L na 0.048 

cis-1,2-Dichloroethene µg/L na 26 

Trichloroethene µg/L na 2.7 

Vinyl chloride µg/L na 3.5 

SE-SWY05

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L na 0.006 

Copper mg/L na 0.002 

Lead mg/L na 0.002 

Vanadium mg/L na 0.002 

Zinc mg/L na 0.038 

cis-1,2-Dichloroethene µg/L na 16 

Vinyl chloride µg/L na 32 

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L na 0.006 

Lead mg/L na 0.001 

Vanadium mg/L na 0.009 

Zinc mg/L na 0.006 

Benzene µg/L na 2.2 

SE-SWY06

SE-SWY07

Chemical Unit

Filtered 

Result

Unfiltered 

Result

Arsenic mg/L na 0.002 

Copper mg/L na 0.015 

Lead mg/L na 0.002 

Zinc mg/L na 0.059 

Aroclor-1254 µg/L na 0.93 J

Total PCBs µg/L na 0.93 J

SW-SWY01
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Map 4-11e. Seep water sampling data (only
detected chemicals), RM 4.0 to RM 5.0

LLCWindWard
environmental

0 300 600
Feet

0 100 200
Meters

Seep sampling event

!( LDW RI

!( Rhône-Poulenc

Road

Navigation channel

River mile

Note: Only chemicals with detected concentrations are shown (in either filtered or unfiltered samples).

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.000235 0.000230 

Cadmium mg/L 0.000133 0.000158 

Lead mg/L 0.000036 0.000080 

Mercury mg/L 0.00000062 0.00000112 

Nickel mg/L 0.00223 0.00471 

Silver mg/L 0.000036 0.000026 

Zinc mg/L 0.00607 0.00714 

SP-41

Chemical Unit Filtered Result

Unfiltered 

Result

Arsenic mg/L 0.000054 0.000058 

Cadmium mg/L 0.000206 0.000272 

Copper mg/L 0.0101 J 0.0122 J

Lead mg/L 0.000051 0.000161 

Mercury mg/L 0.00000087 0.00000094 

Nickel mg/L 0.00278 0.00643 

Silver mg/L 0.000028 0.000025 

Zinc mg/L 0.00830 0.00990 

Heptachlor epoxide µg/L 0.0090 0.0076 

SP-39

Chemical Unit

Unfiltered 

Result

Vanadium mg/L 0.0084

04-SP

Chemical Unit

Unfiltered 

Result

Vanadium mg/L 0.0175

03-SP

Chemical Unit

Unfiltered 

Result

Vanadium mg/L 0.005663

BEHP µg/L 13.8

07-SP

Chemical Unit

Unfiltered 

Result

Mercury mg/L 0.00065

Vanadium mg/L 0.0028

05-SP

Chemical Unit

Unfiltered 

Result

Vanadium mg/L 0.0030

06-SP

Chemical Unit

Unfiltered 

Result

Arsenic mg/L 0.0310

Cadmium mg/L 0.0116

Chromium mg/L 0.202

Copper mg/L 0.203

Lead mg/L 0.0441

Nickel mg/L 0.0700

Vanadium mg/L 0.400

Zinc mg/L 0.223

BEHP µg/L 27.0

02-SP

Chemical Unit

Unfiltered 

Result

Cadmium mg/L 0.0021

Vanadium mg/L 0.0101

01-SP
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Map 4-12a. Porewater sampling locations
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Map 4-12b. Porewater sampling data (only
detected chemicals), RM 0.0 to RM 2.0

Sampling event

!? EPA SI

!? PSDDA99

Road

Navigation channel

River mile

LLCWindWard
environmental

0 500 1,000
Feet

0 100 200
Meters

Location Analyte Unit Result

S1 Tributyltin as ion µg/L 0.040 J

S2 Tributyltin as ion µg/L 0.020 J

S3 Tributyltin as ion µg/L 0.15

S4 Tributyltin as ion µg/L 0.15 J

S5 Tributyltin as ion µg/L 0.010 J

S6 Tributyltin as ion µg/L 0.020 J

B1 Tributyltin as ion µg/L 0.03

S7 Tributyltin as ion µg/L 0.040 J

S8 Tributyltin as ion µg/L 0.050 J

S9 Tributyltin as ion µg/L 0.020 J

S10 Tributyltin as ion µg/L 0.11 J

S11 Tributyltin as ion µg/L 0.040 J

PSDDA99 samples

Analyte Unit Result

Arsenic µg/L 63

Lead µg/L 2

Vanadium µg/L 16

Dibutyltin as ion µg/L 0.010 J

Tributyltin as ion µg/L 0.080 J

DR055

Analyte Unit Result

Arsenic µg/L 67

Lead µg/L 2 J

Silver µg/L 0.4 J

Vanadium µg/L 17

Dibutyltin as ion µg/L 0.010 J

Tributyltin as ion µg/L 0.040 J

DR038

Analyte Unit Result

Lead µg/L 1 J

Dibutyltin as ion µg/L 0.010 J

Tributyltin as ion µg/L 0.020 J

DR018

Analyte Unit Result

Aluminum µg/L 153

Arsenic µg/L 74

Lead µg/L 2

Vanadium µg/L 18

Tributyltin as ion µg/L 0.020 J

DR096

Analyte Unit Result

Arsenic µg/L 93

Cadmium µg/L 4 J

Lead µg/L 1 J

Vanadium µg/L 17

Tributyltin as ion µg/L 0.020 J

DR147

Analyte Unit Result

Arsenic µg/L 103

Cadmium µg/L 4 J

Copper µg/L 5

Lead µg/L 4

Silver µg/L 0.3 J

Vanadium µg/L 17

Zinc µg/L 5 J

Dibutyltin as ion µg/L 0.0070 J

Tributyltin as ion µg/L 0.020 J

DR109

Analyte Unit Result

Arsenic µg/L 43

Lead µg/L 0.9 J

Vanadium µg/L 14

Tributyltin as ion µg/L 0.0080 J

DR133

Note: Only detected chemical concentrations are shown.

!?
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Map 4-12c. Porewater sampling data (only
detected chemicals), RM 2.0 to RM 3.5

Sampling event

!? EPA SI

!? PSDDA99

!? LDW RI

Road

Navigation channel

River mile

LLCWindWard
environmental

0 500 1,000
Feet

0 100 200
Meters

!?
!?

!?

!?

!?
!?

!?!?

!?

!?

!?
!?

!?

!?

PE-03

PZ-01

PE-04

PZ-06

PZ-05

PZ-03

PZ-02

PE-08

PE-06

PE-01

PZ-04
PE-07

PE-05

PE-02

0 25 50
Feet

0 5 10
Meters

Analyte Unit Result

Field 

Replicate

Field 

Replicate

1,2-Dichlorobenzene µg/L 0.4 U 0.6 1.2

1,4-Dichlorobenzene µg/L 0.4 U 0.2 U 0.3

1,1-Dichloroethane µg/L 6.7 4 7.7

1,1-Dichloroethene µg/L 0.4 U 0.3 0.2 U

Carbon disulfide µg/L 0.4 0.2 0.2

Chlorobenzene µg/L 0.4 U 0.3 0.6

cis-1,2-Dichloroethene µg/L 20 41 27

Isopropylbenzene µg/L 0.4 U 0.2 U 0.3

Toluene µg/L 0.5 0.3 0.5

trans-1,2-Dichloroethene µg/L 0.5 0.7 0.4

Vinyl chloride µg/L 11 92 86

LDW-PW-G-PE-08

Analyte Unit Result

1,1-Dichloroethane µg/L 0.4

cis-1,2-Dichloroethene µg/L 46

trans-1,2-Dichloroethene µg/L 3.4

Trichloroethene µg/L 2.5

Vinyl chloride µg/L 11

LDW-PW-G-PE-02

Analyte Unit Result

cis-1,2-Dichloroethene µg/L 0.5

Vinyl chloride µg/L 0.4

LDW-PW-G-PE-03

Analyte Unit Result

1,1-Dichloroethane µg/L 3.7

1,1-Dichloroethene µg/L 1.1

1,2-Dichloroethane µg/L 15

1,2-Dichloropropane µg/L 2.5

cis-1,2-Dichloroethene µg/L 630

Tetrachloroethene µg/L 1.1

Toluene µg/L 0.5

trans-1,2-Dichloroethene µg/L 16

Trichloroethene µg/L 1.1

Vinyl chloride µg/L 270

LDW-PW-G-PE-05

Analyte Unit Result

1,2-Dichlorobenzene µg/L 0.5

1,4-Dichlorobenzene µg/L 0.3

1,1-Dichloroethane µg/L 16

1,1-Dichloroethene µg/L 4.9

1,2-Dichloroethane µg/L 7.4

1,2-Dichloropropane µg/L 1.7

Benzene µg/L 9.4

Carbon disulfide µg/L 0.7

Chlorobenzene µg/L 1.4

cis-1,2-Dichloroethene µg/L 2,900

Isopropylbenzene µg/L 0.2

Toluene µg/L 3.5

trans-1,2-Dichloroethene µg/L 21 J

Trichloroethene µg/L 0.4

Vinyl chloride µg/L 2,500

LDW-PW-G-PE-06

Analyte Unit Result

1,1-Dichloroethane µg/L 11

Chlorobenzene µg/L 0.4

cis-1,2-Dichloroethene µg/L 18

Vinyl chloride µg/L 7.2

LDW-PW-G-PE-07

See Map 4-12b.

LDW RI
Note: No VOCs were detected in
the piezometer (PZ) samples.

Analyte Unit Result

Silver µg/L 0.4 J

Vanadium µg/L 11

Zinc µg/L 6 J

DR140

Location Analyte Unit Result

B2 Tributyltin as ion µg/L 0.030 J

S13 Tributyltin as ion µg/L 0.020 J

S14 Tributyltin as ion µg/L 0.020 J

S15 Tributyltin as ion µg/L 0.55

S16 Tributyltin as ion µg/L 0.030 J

S17 Tributyltin as ion µg/L 0.020 J

S18 Tributyltin as ion µg/L 0.010 J

PSDDA99 samples

Analyte Unit Result

Arsenic µg/L 34

Cadmium µg/L 4 J

Lead µg/L 2

Vanadium µg/L 12

DR181

Analyte Unit Result

Arsenic µg/L 31

Silver µg/L 0.3 J

Vanadium µg/L 12

Zinc µg/L 4 J

DR228

Analyte Unit Result

1,1-Dichloroethane µg/L 0.4

Carbon disulfide µg/L 0.2

cis-1,2-Dichloroethene µg/L 6.1

Tetrachloroethene µg/L 0.4

trans-1,2-Dichloroethene µg/L 0.3

Trichloroethene µg/L 0.5

Vinyl chloride µg/L 3.4

LDW-PW-G-PE-01

Analyte Unit Result

cis-1,2-Dichloroethene µg/L 2.4

Vinyl chloride µg/L 1.8

LDW-PW-G-PE-04

Note: Only chemicals with detected concentrations
are shown (in either original or field replicate samples).
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Map 4-12d. Porewater sampling data (only
detected chemicals), RM 3.5 to RM 5.5

Sampling event

!? EPA SI

!? LDW RI

!? Rhône-Poulenc

Road

Navigation channel

River mile

LLCWindWard
environmental

0 500 1,000
Feet

0 100 200
Meters

!?

!?

!?
!?

!?!?

!?
!?

!?!?!?

!?
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!? PZ-12

PZ-11
PZ-10

PZ-09 PZ-07

PE-16

PE-13

PE-12
PE-11

PE-10
PE-09

PE-15

PE-14

PZ-08

0 25 50
Feet

0 5 10
Meters

Analyte Unit Result

cis-1,2-Dichloroethene µg/L 0.4

LDW-PW-B-PE-09

Analyte Unit Result

cis-1,2-Dichloroethene µg/L 1.7

Trichloroethene µg/L 0.2

Vinyl chloride µg/L 13

LDW-PW-B-PE-11

Analyte Unit Result

cis-1,2-Dichloroethene µg/L 0.9

LDW-PW-B-PE-12

Analyte Unit Result

cis-1,2-Dichloroethene µg/L 0.5

Vinyl chloride µg/L 1.1

LDW-PW-B-PE-13

Analyte Unit Result

1,1-Dichloroethane µg/L 0.3

cis-1,2-Dichloroethene µg/L 0.2

LDW-PW-B-PE-14

Analyte Unit Result

Field 

Replicate

Field 

Replicate

cis-1,2-Dichloroethene µg/L 0.2 U 0.4 1

Trichloroethene µg/L 0.2 U 0.2 U 0.2

LDW-PW-B-PE-10

Note: No VOCs were detected in the piezometer (PZ) samples.

Analyte Unit Result

Arsenic µg/L 114

Cadmium µg/L 4 J

Lead µg/L 0.6 J

Vanadium µg/L 22

Tributyltin as ion µg/L 0.0090 J

DR244

Analyte Unit Result

Mercury µg/L 0.0373

SH-01

Analyte Unit Result

Mercury µg/L 0.0488

Benzo(a)pyrene µg/L 0.0320 J

Benzo(b)fluoranthene µg/L 0.0390 J

Benzo(k)fluoranthene µg/L 0.0390 J

Total benzofluoranthenes µg/L 0.0780 J

Fluoranthene µg/L 0.26 J

Pyrene µg/L 0.32 J

Total HPAH µg/L 0.69 J

Total PAH µg/L 0.69 J

BEHP µg/L 390

SH-02

Analyte Unit Result

Mercury µg/L 0.00181

BEHP µg/L 6.2

SH-03

Analyte Unit Result

Mercury µg/L 0.0253

BEHP µg/L 2

SH-04

Analyte Unit Result

Mercury µg/L 0.00299

BEHP µg/L 4.3

SH-05

Analyte Unit Result

Mercury µg/L 0.00252

SH-06

Analyte Unit Result

Mercury µg/L 0.00206

SH-07

Analyte Unit Result

Mercury µg/L 0.0016

BEHP µg/L 3

SH-08

Analyte Unit Result

Mercury µg/L 0.0027

SH-09

Analyte Unit Result

Copper µg/L 264

SHB-5

Analyte Unit Result

Copper µg/L 32

SHB-6

Analyte Unit Result

Field 

Replicate

Copper µg/L 76.8 5 U

Mercury µg/L 0.408 0.2 U

Zinc µg/L 1,560 50 U

SB-18

Analyte Unit Result

Copper µg/L 5.4

Zinc µg/L 263

SB-7

Analyte Unit Result

Zinc µg/L 1,360

SB-8

Analyte Unit Result

Arsenic µg/L 36

Lead µg/L 2

Vanadium µg/L 12

DR260

Analyte Unit Result

Arsenic µg/L 26

Copper µg/L 5

Lead µg/L 1

Vanadium µg/L 11

DR262

Analyte Unit Result

Copper µg/L 2

Lead µg/L 1

Silver µg/L 0.3 J

Vanadium µg/L 3 J

DR298

Analyte Unit Result

Copper µg/L 1

Lead µg/L 0.9

Silver µg/L 0.5 J

Vanadium µg/L 4 J

DR301

Note: Only chemicals with detected concentrations are shown (in either original or field replicate samples).
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Map 4-13. Exceedances of SQS and CSL
criteria for all chemicals with SMS criteria in
the RI baseline surface sediment dataset

SQS/CSL categories for all chemicals
a

!( > CSL, detect
!( > SQS and ≤ CSL, detect

! ≤ SQS, detect; and all non-detects

SMS designation based on toxicity tests

!( > CSL

!( > SQS and ≤ CSL

!( ≤ SQS

Early Action Area
b

Road

River mile

Navigation channel

±

±

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

LLCWindWard
environmental

a When OC-normalization was not appropriate because TOC content
was < 0.5% or > 4.0%, dry weight concentrations for these locations
were compared instead to the LAET and 2LAET. One sample within
the Boeing Plant 2/Jorgensen Forge EAA had a lead concentration
(1,300 mg/kg dw) greater than the CSL. However, according to data
management rules (Section 4.1.2.1), data for this location were
replaced with data from a more recent sample (SD-343) that was
collected within 10 ft of the original location, but was not analyzed for
lead.

b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2. For the Duwamish/Diagonal Early Action
Area, surface sediment data in the baseline dataset represent samples
collected before dredging, capping, or thin-layer capping in 2003 to
2005. For the Norfolk Early Action Area, surface sediment data
represent samples collected after dredging and capping at the Norfolk
CSO removal area in 1999 and before sediment removal and capping
at the Boeing Developmental Center south storm drain in 2003.
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Map 4-14a. Chemical and toxicity test results
compared to SMS criteria for baseline surface
sediment sampling locations, RM 0.0 to RM 0.9

LLCWindWard
environmental

0 250 500 Feet

0 75 150 Meters

SQS/CSL categories for all SMS chemicals
at surface sediment locations

a

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect and non-detect

SQS/CSL categories for PCBs at locations
where only PCBs were analyzed

a

#* > CSL, detect
#* > SQS and ≤ CSL, detect
#* ≤ SQS, detect and non-detect

SMS designation based on toxicity tests

!( > CSL

!( > SQS and ≤ CSL

!( ≤ SQS

a When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for
these locations were compared instead to the LAET and 2LAET.
b Outfalls shown were identified during a City of Seattle low-tide
survey in 2003 (Herrera 2004). Some locations were initially
identified using drainage maps from Ecology’s National
Pollutant Discharge Elimination System (NPDES) permit files and
other relevant agency databases. These locations were later
surveyed in the field. Review of agency files and interviews with
agency and Lower Duwamish Waterway Group (LDWG)
personnel provided additional outfall-specific information. Some
locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent
verifications. The outfall layer is meant to serve as a snapshot of
outfall conditions at the time the survey was completed (2003).
More recent information, when available, is reflected in the outfall
discussions in Appendix I.
c Several of the EAA boundaries are approximate and have not
been finalized by EPA/Ecology; a description of each EAA
boundary is presented in Section 9.2.2.
d For the Duwamish/Diagonal Early Action Area, surface sediment
data in the baseline dataset represent samples collected before
dredging, capping, or thin-layer placement in 2003 to 2005.

Chemicals in red exceeded CSL. The EF has no regulatory
relevance and is presented here to provide an indication of the
general magnitude of the concentration. Sampling locations
represented by circles or squares were analyzed for all SMS
chemicals. Surface sediment samples were collected at depths
≤15 cm below mudline. "ne" = not exceeded.

Only locations with detected exceedances outside the Duwamish/
Diagonal dredged and capped or thin-layer placement areas are
shown with exceedance factors. Colored symbols within these
areas represent samples collected prior to dredging, capping, or
thin-layer placement.

SQS C SL
PC B s 15 2 .8

A nalyt e
Exceed ance F act o r

M ercury 1.3 ne
C hrysene 1.1 ne
B enz o ( g ,h, i) p erylene 1.0 ne
Ind eno ( 1,2 ,3 - cd ) p yrene 1.0 ne

F luo r ant hene 1.4 ne

M ercur y 1.4 ne
PC B s 1.2 ne

PC B s 15 2 .8
Lead 1.3 1.1
B EHP 1.7 1.0
A rsenic 1.5 ne
Z inc 1.3 ne

A r senic 1.4 ne

PC B s 1.6 ne

A r senic 2 .2 1.3
PC B s 1.7 ne

BEHP 1.6 ne
BB P 1.1 ne

LDW - SS17 BEHP 1.4 ne
EST 2 3 1 PC Bs 1.1 ne

4 - M et hylp henol 1.1 1.1
BEHP 1.5 ne
BB P 1.1 ne
PC Bs 1.1 ne
PC Bs 1.7 ne
BEHP 1.6 ne
BEHP 2 .6 1.5
PC Bs 2 .3 ne
BB P 1.3 ne
BEHP 2 .1 1.3
BB P 1.5 ne
BEHP 2 .5 1.5
PC Bs 2 .3 ne
BB P 1.4 ne

DU D _ 10 C PC Bs 3 .1 ne
PC Bs 2 8 5.1
BEHP 4 .5 2 .7
HC B 1.4 ne
BB P 1.2 ne
Phenol 1.3 ne
PC Bs 1.1 ne
BEHP 1.3 ne
PC Bs 1.1 ne
PC Bs 2 .2 ne
BEHP 1.1 ne
PC Bs 2 .3 ne
BB P 1.3 ne
BEHP 1.2 ne
M ercury 1.5 1.0
PC Bs 3 .0 ne
BEHP 1.3 ne
PC Bs 6 .9 1.3
BEHP 1.8 1.1
PC Bs 2 1 3 .9
BEHP 2 .8 1.7
M ercury 2 .1 1.5
Silver 1.0 1.0
Cad mium 1.0 ne
PC Bs 1.5 ne
BEHP 1.3 ne

CH10 3 8 PC Bs 6 .8 1.2
BEHP 2 .1 1.3
4 - M et hylp henol 1.1 1.1
BB P 2 .7 ne
BEHP 2 .3 1.4
F luorant hene 2 .3 ne
BB P 2 .2 ne
Tot al HPAH 1.1 ne
BEHP 3 .8 2 .3
PC Bs 1.5 ne
BEHP 2 .0 1.2
BB P 1.1 ne
4 - M et hylp henol 2 .1 2 .1
BEHP 1.8 1.1
PC Bs 1.3 ne
BB P 1.2 ne
N- N it ro sod ip henylamine 3 .9 2 .8
BEHP 3 .7 2 .5
F luorant hene 1.8 1.2
PC Bs 6 .6 ne
BB P 4 .9 ne
Chrysene 1.4 ne
Tot al HPAH 1.2 ne
Benzo( a) ant hracene 1.2 ne
Benzof luorant henes 1.0 ne
BEHP 2 .3 1.4
PC Bs 1.4 ne

DR 0 10 BEHP 1.1 ne
DU D 0 14 BB P 3 .7 ne

DU D 0 10

DU D _ 2 C

DU D 0 0 9

DU D _ 1C

DR 0 59

DU D 2 0 5

DR 0 8 1

DU D _ 8 C

DU D 0 3 3

DU D 2 0 4

DU D _ 9 C

DU D 0 3 1

DU D 0 4 5

DU D 0 3 2

DR 0 0 6

DU D _ 11C

DU D 0 4 4

K- 0 3

DR 0 0 5

DU D 2 0 0

DU D _ 12 C

DU D 0 4 3

PC B s 1.1 ne
F luorant hene 2 .3 ne
Phenant hrene 1.5 ne
F luorene 1.4 ne
Indeno( 1,2 ,3 - cd ) pyrene 1.3 ne
C hrysene 1.3 ne
B enzo( g ,h, i) p erylene 1.2 ne
A cenapht hene 1.1 ne
Tot al  HPA H 1.1 ne
PC B s 1.1 ne

PC B s 1.6 ne

Pheno l 1.4 ne

PC B s 1.3 ne

Pheno l 1.5 ne

M ercury 1.5 1.0

PC B s 1.3 ne

M ercur y 3 .8 2 .6
PC B s 1.5 ne

F luo rene 1.9 ne
Phenant hrene 1.7 ne
A cenap ht hene 1.7 ne
D ib enzo f uran 1.3 ne
F luo rant hene 1.1 ne

M ercury 4 .4 3 .1
PC B s 1.9 ne

F luo rant hene 1.9 ne
Phenant hrene 1.4 ne
PC B s 1.1 ne

Z inc 1.0 ne

PC B s 1.4 ne

F luo rant hene 1.7 1.2
PC B s 6 .0 ne
C hrysene 1.5 ne
T o t al  HPA H 1.0 ne

Z inc 1.1 ne

B enzyl alcoho l 12 9 .2
F luorant hene 3 .1 2 .1
Indeno( 1,2 ,3 - cd ) pyrene 2 .0 1.7
B enzo ( a) ant hracene 2 .0 1.6
B enzo ( g ,h,i ) p erylene 1.6 1.5
To t al HPA H 2 .0 1.4
C hrysene 2 .6 1.3
Pyrene 1.7 1.3
M ercury 1.5 1.1
B enzo f luo rant henes 1.2 1.1
PC B s 2 .2 ne
D ibenzo ( a,h) ant hracene 1.5 ne
B enzo ( a) pyrene 1.3 ne
Phenant hrene 1.3 ne
Z inc 1.1 ne

F luorant hene 2 .3 1.6
PC B s 2 .8 ne
C hrysene 1.3 ne
Tot al  HPA H 1.2 ne
Pyrene 1.1 ne

P C B s 1.4 ne

PC B s 5.9 ne
Indeno( 1,2 ,3 - cd ) pyrene 2 .7 2 .3
B enzo ( g ,h,i ) p erylene 2 .4 2 .2
F luorant hene 2 .9 2 .0
To t al HPA H 2 .2 1.5
Pyrene 1.8 1.5
B enzo ( a) ant hracene 1.7 1.4
B enzo f luo rant henes 1.5 1.3
C hrysene 2 .1 1.1
B enzo ( a) pyrene 2 .0 1.1
PC B s 7.8 1.0
M ercury 1.5 1.0
Phenant hrene 2 .3 ne
D ibenzo ( a,h) ant hracene 1.4 ne

F luorant hene 6 .9 ne
Tot al  HPA H 2 .6 ne
C hrysene 2 .0 ne
Phenant hrene 1.4 ne

C ad mium 1.4 1.1
Pheno l 2 .4 ne

PC B s 2 .1 ne
B B P 1.6 ne

PC B s 1.6 ne

PC B s 1.5 ne

PC B s 2 .0 ne
B EHP 1.0 ne

PC B s 2 .1 ne
B EHP 1.1 ne

B B P 3 .9 ne
PC B s 3 .0 ne

Pheno l 1.1 ne

PC B s 1.1 ne

PC B s 2 .3 ne
B EHP 1.0 ne

PC B s 1.5 ne

PC B s 1.7 ne

PC B s 1.8 ne

PC B s 4 .6 ne

PC B s 3 .8 ne

F luo rant hene 3 .9 ne
PC B s 1.4 ne
T o t al  HPA H 1.1 ne

PC B s 1.1 ne

Pheno l 1.8 ne
F luo rant hene 1.1 ne

PC B s 2 .7 ne

PC B s 3 .2 ne

Outfall classificationb

k

#*

9 CSO/storm drain
k

#*

9 EOF

k

#*

9
Permitted private
storm drain

k

#*

9 Public storm drain

k

#*

9
Pipe of unresolved
origin and/or use

XW� Abandoned
XW� Not an outfall
GF Stream, channel, or swale

Early Action Area
c

Navigation channel

River mile

Dredged and
capped area

d

Thin-layer placement
d

Dredging information provided by AECOM.
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Slip 1

Slip 2

James 
Hardie
(1999)

Lehigh Northwest
(2004)

Lone Star NW
(1986 & 1993)

Glacier Ready-Mix 
(2001)

Lone Star-Hardie/Kaiser
(1996)

Glacier NW
(2005)

Terminal 115
(1993)
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Shipyard
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LDW-SS48

LDW-SS40

LDW-SS37

LDW-SS325

LDW-SS324
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JHGSA-SD1-32-0010

JHGSA-SD1-02-0010

JHGSA-SD1-COMP32-00

B3b
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LDW-SSB4a
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Map 4-14b. Chemical and toxicity test results
compared to SMS criteria for baseline surface
sediment sampling locations, RM 0.9 to RM 1.8

LLCWindWard
environmental

0 250 500 Feet

0 75 150 Meters

SQS/CSL categories for all SMS chemicals
at surface sediment locations

a

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect and non-detect

SQS/CSL categories for PCBs at locations
where only PCBs were analyzed

a

#* > CSL, detect
#* > SQS and ≤ CSL, detect
#* ≤ SQS, detect and non-detect

SMS designation based on toxicity tests

!( > CSL

!( > SQS and ≤ CSL

!( ≤ SQS

Outfall classification
b

k

#*

9 CSO

k

#*

9 CSO/storm drain

k

#*

9 Permitted private storm drain

k

#*

9 Private storm drain

k

#*

9 Public storm drain

Dredged area
Dredged and thin-layer placement

River mile

Navigation channel
a When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for
these locations were compared instead to the LAET and 2LAET.

bOutfalls shown were identified during a City of Seattle low-tide
survey in 2003 (Herrera 2004). Some locations were initially
identified using drainage maps from Ecology’s National Pollutant
Discharge Elimination System (NPDES) permit files and other
relevant agency databases. These locations were later surveyed
in the field. Review of agency files and interviews with agency and
LDWG personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some
additional outfall locations were identified during these subsequent
verifications. The outfall layer is meant to serve as a snapshot of
outfall conditions at the time the survey was completed (2003).
More recent information, when available, is reflected in the outfall
discussions in Appendix I.

Chemicals in red exceeded CSL. The EF has no regulatory
relevance and is presented here to provide an indication of the
general magnitude of the concentration. Sampling locations
represented by circles or squares were analyzed for all SMS
chemicals. Surface sediment samples were collected at depths
≤ 15 cm below mudline. "ne" = not exceeded.

SQS C SL
PC B s 15 2 .8

A nalyt e
Exceed ance F act o r

P C B s 3 . 2 ne M er cury 2 .1 1.5
PC B s 1.1 ne

P C B s 1. 8 ne

M e r c ur y 1. 2 ne

P C B s 3 . 0 ne

Z i nc 1. 0 ne

P C B s 2 . 6 ne

P C B s 1. 2 ne

A rsenic 13 7.8
Z inc 5.1 2 .2
C o pp er 1.3 1.3
C hrysene 2 .7 ne
PC B s 1.6 ne
B enzo ( a) ant hracene 1.4 ne
F luorant hene 1.3 ne
D ib enzo ( a,h) ant hracene 1.1 ne
To t al  HPA H 1.1 ne
Ind eno ( 1,2 ,3 - cd) p yrene 1.1 ne
B enzo ( g ,h, i ) perylene 1.1 ne

A r senic 2 .1 1.3
Z inc 2 .4 1.0

A cenapht hene 16 4 .6

F luo rene 10 3 .0

D ib enz of uran 11 2 .9

2 - M et hylnapht halene 4 .2 2 .5

To t al  LPA H 4 .6 2 .2
Phenant hrene 7.5 1.6

N apht halene 2 .6 1.5

F luo rant hene 5.3 ne

PC B s 2 .7 ne

To t al  HPAH 2 .2 ne
C hrysene 1.6 ne

B enzo ( a) ant hracene 1.5 ne

M ercury 1.1 ne

B enzo f luorant henes 1.1 ne
B enzo ( a) p yrene 1.0 ne

M e r c ur y 2 . 7 1.8

PC B s 3 .1 ne
B EHP 1.3 ne
B B P 1.0 ne

F luo rant hene 3 .9 2 .7
Pyrene 1.6 1.3
T o t al  HPA H 1.5 1.1
PC B s 1.8 ne
C hrysene 1.5 ne
B enzo ( a) ant hracene 1.2 ne

PC B s 18 3 .4
M ercury 1.7 1.2

P C B s 3 . 8 ne

P C B s 2 . 3 ne

PC B s 1.2 ne
B EHP 1.0 ne

C o p p er 3 .2 3 .2
Z inc 1.9 ne
B EHP 1.6 ne
A rsenic 1.2 ne

C o p p er 3 .4 3 .4
A rsenic 2 .8 1.7
Z inc 2 .1 ne

B EHP 1.1 ne
B B P 1.0 ne

A rsenic 3 .0 1.8
C o p p er 1.6 1.6
Z inc 1.9 ne

A rsenic 14 8 .7
C o pp er 3 .6 3 .6
Z inc 6 .9 2 .9
Lead 1.7 1.5
M ercury 1.9 1.3
Phenant hrene 1.3 ne
F luorant hene 1.3 ne
C hrysene 1.3 ne
B EHP 1.2 ne
A cenapht hene 1.1 ne
B B P 1.1 ne

F luo rant hene 3 .1 ne
Phenant hrene 1.4 ne
C hrysene 1.1 ne
T o t al  HPA H 1.0 ne

P C B s 1. 1 ne

PC B s 1.2 ne
B enz yl a lco ho l 1.2 ne

P C B s 2 . 5 ne

A rsenic 2 .8 1.7
PC B s 5.5 1.0
Z inc 1.5 ne

PC B s 3 .8 ne
PC P 1.1 ne

F luorant hene 2 .9 ne
To t al  HPA H 1.4 ne
PC B s 1.4 ne
B enzo ( g ,h,i ) p erylene 1.4 ne
Ind eno ( 1,2 ,3 - cd ) pyrene 1.3 ne
C hrysene 1.2 ne
Phenant hrene 1.2 ne

P C B s 3 . 6 ne

P C B s 1. 3 ne

B B P 3 . 1 ne

P C B s 1. 7 ne

P C B s 1. 4 ne

C hr y s e ne 2 . 5 ne

Z i nc 3 . 7 1.6

P C B s 1. 9 ne

P he no l 1. 2 ne

P C B s 5 . 7 1.0

P C B s 1. 3 ne

P C B s 3 . 2 ne

HC B 9 . 7 1.6

Dredging information provided by AECOM.
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Map 4-14c. Chemical and toxicity test results
compared to SMS criteria for baseline surface
sediment sampling locations, RM 1.8 to RM 2.7

LLCWindWard
environmental

0 250 500 Feet

0 75 150 Meters

SQS/CSL categories for all SMS chemicals
at surface sediment locations

a

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect and non-detect

SQS/CSL categories for PCBs at locations
where only PCBs were analyzed

a

#* > CSL, detect
#* > SQS and ≤ CSL, detect
#* ≤ SQS, detect and non-detect

SMS designation based on toxicity tests

!( > CSL

!( > SQS and ≤ CSL

!( ≤ SQS

Outfall classification
b

k

#*

9 CSO

k

#*

9 CSO/storm drain

k

#*

9 EOF

k

#*

9 Permitted private storm drain

k

#*

9 Private storm drain

k

#*

9 Public storm drain

k

#*

9 Pipe of unresolved origin and/or use

XW� Not an outfall

Early Action Area
c

Dredged area

River mile

Navigation channel

a When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for
these locations were compared instead to the LAET and 2LAET.
bOutfalls shown were identified during a City of Seattle low-tide
survey in 2003 (Herrera 2004). Some locations were initially
identified using drainage maps from Ecology’s National Pollutant
Discharge Elimination System (NPDES) permit files and other
relevant agency databases. These locations were later surveyed
in the field. Review of agency files and interviews with agency and
LDWG personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some
additional outfall locations were identified during these subsequent
verifications. The outfall layer is meant to serve as a snapshot of
outfall conditions at the time the survey was completed (2003).
More recent information, when available, is reflected in the outfall
discussions in Appendix I.
cSeveral of the EAA boundaries are approximate and have not
been finalized by EPA/Ecology; a description of each EAA
boundary is presented in Section 9.2.2.

Chemicals in red exceeded CSL. The EF has no regulatory
relevance and is presented here to provide an indication of the
general magnitude of the concentration. Sampling locations
represented by circles or squares were analyzed for all SMS
chemicals. Surface sediment samples were collected at depths
≤ 15 cm below mudline. "ne" = not exceeded.

SQS C SL
PC B s 15 2 .8

A nalyt e
Exceed ance F act o r

B E H P 1. 2 ne

B EHP 2 .0 1.2
B B P 1.8 ne

P C B s 1.1 ne

P C B s 1. 3 ne

B E H P 2 . 0 1. 2

P C B s 2 . 5 ne

P C B s 2 . 1 ne

P C B s 1. 1 ne

P C B s 1.9 ne

P C B s 1. 3 ne

P C B s 1.2 ne

P C B s 2 .2 ne

P C B s 1. 1 ne

P C B s 1. 0 ne

P C B s 2 . 8 ne

B e nz y l  a l c o ho l 2 .6 2 . 1

A r s e nic 1.4 ne

F l uo r a nt he ne 1.3 ne

P C B s 1.2 ne

Ind eno ( 1,2 ,3 - cd ) p yr ene 1.1 ne
B enz o ( g ,h, i ) p er y lene 1.1 ne

PC B s 18 0 2 3
M ercury 6 .0 4 .2
B EHP 3 .2 2 .2
Lead 1.4 1.2
Z inc 1.0 ne

PC B s 8 .2 1.5
M ercury 2 .0 1.4
B EHP 1.8 1.1

P C B s 10 1. 8
PC B s 3 6 4 .7
M ercury 3 .9 2 .7
B EHP 1.8 1.2
B B P 1.4 ne

P C B s 1.4 ne

P C B s 2 . 8 ne

Phenant hrene 1.3 ne
A cenap ht hene 1.2 ne
F luo rene 1.1 ne

P C B s 1.2 ne

Z i nc 1.2 ne

P C B s 1.2 ne

HC B 5.8 ne
F luo rant hene 3 .1 ne
Phenant hrene 1.8 ne
T o t al  HPA H 1.3 ne
C hrysene 1.1 ne

M er cur y 1.5 1.1
PC B s 3 .2 ne

P C B s 1.1 ne

P C B s 1. 8 ne

P C B s 15 2 . 8

P C B s 2 .0 ne

F l uo r a nt he ne 1. 7 ne

P C B s 1.1 ne

B EHP 1.9 1.2
F luo rant hene 1.6 ne
B B P 1.4 ne

Fluorene 11 3 .3
A cenap ht hene 11 3 .0
D ibenzo f uran 10 2 .6
To t al  LPA H 4 .6 2 .2
Phenant hrene 8 .3 1.7
F luorant hene 4 .0 ne
C hrysene 2 .0 ne
To t al  HPA H 1.9 ne
A nt hracene 1.7 ne
B enzo( a) ant hracene 1.4 ne
Ind eno( 1,2 ,3 - cd ) p yrene 1.1 ne

PC B s 2 .6 ne
F luo r ant hene 1.1 ne

Dredging information provided by AECOM.
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Map 4-14d. Chemical and toxicity test results
compared to SMS criteria for baseline surface
sediment sampling locations, RM 2.8 to RM 3.7

LLCWindWard
environmental

0 250 500 Feet

0 75 150 Meters

SQS/CSL categories for all SMS chemicals
at surface sediment locations

a

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect and non-detect

SQS/CSL categories for PCBs at locations
where only PCBs were analyzed

a

#* > CSL, detect
#* > SQS and ≤ CSL, detect
#* ≤ SQS, detect and non-detect

SMS designation based on toxicity tests

!( > CSL

!( > SQS and ≤ CSL

!( ≤ SQS

Outfall classification
b

k

#*

9 CSO

k

#*

9 EOF

k

#*

9 EOF/storm drain

k

#*

9 Permitted private storm drain

k

#*

9 Public storm drain

k

#*

9 Pipe of unresolved origin and/or use

XW� Abandoned

XW� Not an outfall
GF Stream, channel, or swale

Early Action Area
c

Dredged area

River mile

Navigation channel

a When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for
these locations were compared instead to the LAET and 2LAET.
One sample within the Boeing Plant 2/Jorgensen Forge EAA had
a lead concentration (1,300 mg/kg dw) greater than the CSL.
However, according to data management rules (Section 4.1.2.1),
data for this location were replaced with data from a more recent
sample (SD-343) that was collected within 10 ft of the original
location, but was not analyzed for lead.
b Outfalls shown were identified during a City of Seattle low-tide
survey in 2003 (Herrera 2004). Some locations were initially
identified using drainage maps from Ecology’s National Pollutant
Discharge Elimination System (NPDES) permit files and other
relevant agency databases. These locations were later surveyed
in the field. Review of agency files and interviews with agency
and LDWG personnel provided additional outfall-specific
information. Some locations were field-verified by LDWG
members; some additional outfall locations were identified during
these subsequent verifications. The outfall layer is meant to serve
as a snapshot of outfall conditions at the time the survey was
completed (2003). More recent information, when available, is
reflected in the outfall discussions in Appendix I.
c Several of the EAA boundaries are approximate and have not
been finalized by EPA/Ecology; a description of each EAA
boundary is presented in Section 9.2.2.

Chemicals in red exceeded CSL. The EF has no regulatory
relevance and is presented here to provide an indication of the
general magnitude of the concentration. Sampling locations
represented by circles or squares were analyzed for all SMS
chemicals. Surface sediment samples were collected at depths
≤ 15 cm below mudline. "ne" = not exceeded.

Only locations with detected exceedances outside the EAA 
boundaries are shown with exceedance factors.

SQS C SL
PC B s 15 2 .8

A nalyt e
Exceed ance F act o r

B enz yl  alco ho l 9 .5 7 .4
B enz o ic  acid 2 .5 2 .5

PC B s 6 .3 1.2

PC B s 1.2 ne

PC B s 1.2 ne

PC B s 1.1 ne

PC B s 1.1 ne

PC B s 1.5 ne

PC B s 2 .4 ne

PC B s 1.5 ne

PC B s 1.3 ne

PC B s 3 .0 ne

PC B s 9 .2 1.7

PC B s 2 .4 ne

PC B s 1.5 ne

PC B s 2 .7 ne

PC B s 1.5 ne

HC B 1.7 ne

PC B s 1.6 ne

HC B 10 1.7

PC B s 1.3 ne

PC B s 3 .3 ne

PC B s 1.3 ne

Pheno l 1.7 ne

PC B s 1.8 ne

PC B s 1.7 ne

PC B s 1.1 ne

HC B 2 .0 ne
PC B s 1.3 ne

P C B s 6 .1 1.1

P C B s 1.7 ne

PCBsPCBsPCBsPCBs 1.41.41.41.4 nenenene

PCBsPCBsPCBsPCBs 1.91.91.91.9 nenenene

PCBsPCBsPCBsPCBs 1.31.31.31.3 nenenene

PCBsPCBsPCBsPCBs 1.81.81.81.8 nenenene

Dredging information provided by AECOM.

k9



GF

GF

k

#*

9
k

#*

9

k

#*

9

k

#*

9

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!(

!(
!(

!(

!(
!(!(

!(

!(

!( !(
!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)
�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)
�)

�) �)

�)
�)

�)

�)

�)

�)

�)

�)�)�)�)
�)

�)

�)

�)
�)

�)
�)

�)

�) �)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

!(

!(

!(

!( !(

!(

!(

!(

!(

!(
!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

#*

#*
#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*#*#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*#*
#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

Slip 6

USACE
(1990,
1992,
1999)

Duwamish
Yacht Club

(1999)

Delta Marine
(2004, 2008)

Boeing Plant 2/Jorgensen Forge

Early Action Area

T-117

Early Action Area

RM 3.8

Early Action Area

B9a

R63

R44

R31

R27

R20

R19

SB-8
SB-5 SB-4

SB-3

SB-1

SB-12

SH-06

SH-05

SH-03

DR290

DR258 DR236

DR210

DR209

DR176

WIT258

EST162

EST161

EST145

EIT060

SD-336-S

LDW-SS122

LDW-SS121

LDW-SS119

R18

EST147

EST143

LDW-SS120

LDW-SS114

LDW-SS112

04-intsed-3

T117-SE-46-G

4.5

4.4

4.3

4.2

4.1

3.9

3.8

3.7

3.6

4.0

P
re

pa
re

d 
by

 C
E

H
, 0

7/
14

/2
01

0;
 M

ap
 2

89
6;

 W
:\P

ro
je

ct
s\

00
-0

8-
06

_D
uw

am
is

h_
R

I\d
at

a\
G

IS
\P

ha
se

2 
R

I\N
at

ur
e 

an
d 

E
xt

en
t\S

ur
fa

ce
 S

ed
im

en
t\S

M
S

±
Map 4-14e. Chemical and toxicity test results
compared to SMS criteria for baseline surface
sediment sampling locations, RM 3.7 to RM 4.5

LLCWindWard
environmental

0 250 500 Feet

0 75 150 Meters

SQS/CSL categories for all SMS chemicals
at surface sediment locations

a

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect and non-detect

SQS/CSL categories for PCBs at locations
where only PCBs were analyzed

a

#* > CSL, detect
#* > SQS and ≤ CSL, detect
#* ≤ SQS, detect and non-detect

SMS designation based on toxicity tests

!( > CSL

!( > SQS and ≤ CSL

!( ≤ SQS

Outfall classification
b

k

#*

9 EOF/storm drain

k

#*

9 Permitted private storm drain

k

#*

9 Private storm drain

k

#*

9 Public storm drain

k

#*

9 Pipe of unresolved origin and/or use

XW� Abandoned

XW� Not an outfall
GF Stream, channel, or swale

Early Action Area
c

Dredged area

River mile

Navigation channel

a When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for
these locations were compared instead to the LAET and 2LAET.
b Outfalls shown were identified during a City of Seattle low-tide
survey in 2003 (Herrera 2004). Some locations were initially
identified using drainage maps from Ecology’s National Pollutant
Discharge Elimination System (NPDES) permit files and other
relevant agency databases. These locations were later surveyed
in the field. Review of agency files and interviews with agency
and LDWG personnel provided additional outfall-specific
information. Some locations were field-verified by LDWG
members; some additional outfall locations were identified
during these subsequent verifications. The outfall layer is meant
to serve as a snapshot of outfall conditions at the time the
survey was completed (2003). More recent information, when
available, is reflected in the outfall discussions in Appendix I.
c Several of the EAA boundaries are approximate and have not
been finalized by EPA/Ecology; a description of each EAA
boundary is presented in Section 9.2.2.

Chemicals in red exceeded CSL. The EF has no regulatory
relevance and is presented here to provide an indication of the
general magnitude of the concentration. Sampling locations
represented by circles or squares were analyzed for all SMS
chemicals. Surface sediment samples were collected at depths
≤ 15 cm below mudline. "ne" = not exceeded.

Only locations with detected exceedances outside the EAA 
boundaries are shown with exceedance factors.

SQS C SL
PC B s 15 2 .8

A nalyt e
Exceed ance F act o r

PC B s 1.7 ne

PC B s 1.1 ne

HC B 2 .0 ne
PC B s 1.3 ne

PC B s 1.6 ne

A rsenic 8 .4 5.2
B B P 2 .4 ne
PC B s 2 .2 ne
F luo rant hene 1.2 ne

PC B s 1.3 ne

A rsenic 19 12
PC B s 4 .5 ne
B EHP 1.7 ne
F luo rant hene 1.3 ne
Ind eno( 1,2 ,3 - cd ) pyrene 1.1 ne
C hrysene 1.1 ne

Pheno l 1.0 ne

PC B s 1.8 ne

PC B s 1.3 ne

PC B s 4 .4 ne

PC B s 2 .2 ne
M ercury 1.1 ne

P C B s 1.6 ne

PC B s 1.9 ne
B B P 1.2 ne

PC B s 4 .9 ne
B B P 1.9 ne

B B P 3 .7 ne
B EHP 1.3 ne

P C B s 2 . 3 ne
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B enz o ic acid 1.3 1.3
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M er cur y 1.6 1.1

B enz o ic acid 2 .9 2 .9
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Ind eno ( 1,2 ,3 - cd ) p yrene 1.3 ne
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D ib enz o ( a,h) ant hracene 2 .0 ne
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A cenap ht hene 1.6 ne
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F luo rant hene 1.1 ne
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Dredging information provided by AECOM.
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Map 4-14f. Chemical and toxicity test results
compared to SMS criteria for baseline surface
sediment sampling locations, RM 4.5 to RM 5.8

LLCWindWard
environmental

0 250 500 Feet

0 75 150 Meters

SQS/CSL categories for all SMS chemicals
at surface sediment locations

a

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect and non-detect

SQS/CSL categories for PCBs at locations
where only PCBs were analyzed

a

#* > CSL, detect
#* > SQS and ≤ CSL, detect
#* ≤ SQS, detect and non-detect

SMS designation based on toxicity tests

!( > CSL

!( > SQS and ≤ CSL

!( ≤ SQS

Outfall classification
b

k

#*

9 CSO/storm drain

k

#*

9 Permitted private storm drain

k

#*

9 Public storm drain

k

#*

9 Pipe of unresolved origin and/or use

Early Action Area
c

Dredged area
Dredged and capped area

River mile

Navigation channel

a When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for
these locations were compared instead to the LAET and 2LAET.
b Outfalls shown were identified during a City of Seattle low-tide
survey in 2003 (Herrera 2004). Some locations were initially
identified using drainage maps from Ecology’s National Pollutant
Discharge Elimination System (NPDES) permit files and other
relevant agency databases. These locations were later surveyed
in the field. Review of agency files and interviews with agency
and LDWG personnel provided additional outfall-specific
information. Some locations were field-verified by LDWG
members; some additional outfall locations were identified
during these subsequent verifications. The outfall layer is meant
to serve as a snapshot of outfall conditions at the time the
survey was completed (2003). More recent information, when
available, is reflected in the outfall discussions in Appendix I.
c Several of the EAA boundaries are approximate and have not
been finalized by EPA/Ecology; a description of each EAA
boundary is presented in Section 9.2.2.

Chemicals in red exceeded CSL. The EF has no regulatory
relevance and is presented here to provide an indication of the
general magnitude of the concentration. Sampling locations
represented by circles or squares were analyzed for all SMS
chemicals. Surface sediment samples were collected at depths
≤ 15 cm below mudline. "ne" = not exceeded.

Only locations with detected exceedances outside the Norfolk
Early Action Area boundary are shown with exceedance factors.
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Dredging information provided by AECOM.
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Map 4-15. Surface sediment sampling locations
with non-detect RLs greater than SQS or CSL
chemical criteria (and no detected exceedances)
and locations with detected 1,2,4-trichloro-
benzene, 2,4-dimethylphenol, and
hexachlorobenzene
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Scale is the same for each inset map
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0 0.1 0.2
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environmental

a SQS and CSL have the same value for 2,4-dimethylphenol.
b Several of the EAA boundaries are approximate and have not been finalized by
EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
c For the Duwamish/Diagonal Early Action Area, surface sediment data in the base-
line dataset represent samples collected before dredging, capping, and thin-layer
placement in 2003 to 2005. For the Norfolk Early Action Area, surface sediment
data represent samples collected after dredging and capping at the Norfolk CSO/
SD removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey in 2003
(Herrera 2004). Some locations were initially identified using drainage maps from
Ecology’s National Pollutant Discharge Elimination System (NPDES) permit files
and other relevant agency databases. These locations were later surveyed in the
field. Review of agency files and interviews with agency and Lower Duwamish
Waterway Group (LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional outfall loca-
tions were identified during these subsequent verifications. The outfall layer is
meant to serve as a snapshot of outfall conditions at the time of the survey was
completed (2003). More recent information, when available, is reflected in the
outfall discussions in Appendix I.
Note: Multpile symbols are shown at a single location if more than one of these
chemicals was not detected but the RLs were above the SQS or CSL chemical
criteria.



Slip 1

Slip 2

Kellogg I.

Harbor I.

W
 M

ar
gi

na
l W

ay
 S

West Seattle Bridge

1.9

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

1.0

Slip 4

Slip 31st A
ve

. S
 Brid

ge

South Park 
Brid

ge

2.2

3.9

3.7

3.6

3.5

3.4

3.3

3.2

3.1

2.9

2.8

2.7

2.6

2.5

2.4

2.3

3.8

2.1

1.9

2.0

3.0

E
 M

ar
gi

na
l W

ay
 S

Slip 6

Upper Turning
Basin

H
w

y 
99

S. 102nd St. B
ridge

5.7

5.6

5.5

5.4

5.3

5.2

5.1

4.9

4.
8

4.
7

4.6

4.5

4.4

4.3

4.2

4.1

3.9

4.0

5.0

P
re

pa
re

d 
by

 C
E

H
, 0

7/
14

/2
01

0;
 M

A
P

 #
23

83
; W

:\P
ro

je
ct

s\
00

-0
8-

06
_D

uw
am

is
h_

R
I\d

at
a\

G
IS

\P
ha

se
2 

R
I\N

at
ur

e 
an

d 
E

xt
en

t\S
ur

fa
ce

 S
ed

im
en

t\S
M

S

±
Map 4-16. Exceedances of SQS and CSL 
(chemical criteria and toxicity combined)
using Thiessen polygons for the baseline
surface sediment dataset

> CSL toxicity or
> CSL chemistry if no toxicity data
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> SQS and ≤ CSL toxicity or
> SQS and ≤ CSL chemistry
if no toxicity data

a

≤ SQS toxicity or
≤ SQS chemistry if no toxicity data
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Scale is the same for each inset map
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environmental

a Exceedances of the SQS and CSL chemical criteria are based on
detected concentrations. For chemicals whose SQS and CSL are on
an organic carbon normalized basis, if the TOC was < 0.5% or > 4.0%,
the dry weight concentration of that chemical was compared to the
LAET and 2LAET, and exceedances of the LAET and 2LAET were
equated with exceedances of the SQS and CSL, respectively.
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Map 4-17a. Comparisons of concentrations of
all SMS chemicals to SMS criteria (SQS or
CSL) in subsurface sediment cores, RM 0.0 to
RM 1.4LLCWindWard

environmental

0 250 500
Feet

0 50 100
Meters

Subsurface sediment core locations and exceedances of SQS and CSL (chemical criteria and toxicity combined) in
surface sediment

Exceedances of SQS and CSL in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.

b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.

c Subsurface sediment data in the Duwamish/Diagonal Early Action Area were collected prior to dredging and capping or thin-layer placement. In other dredged areas subsurface data were collected prior to dredging.

Note: This map does not include samples in the Duwamish/Diagonal dredged and capped area.
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Map 4-17b. Comparisons of concentrations of
total PCBs, BEHP, SVOCs, and metals to SMS
criteria (SQS or CSL) in subsurface sediment
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Map 4-17c. Comparisons of concentrations of
all SMS chemicals to SMS criteria (SQS or
CSL) in subsurface sediment cores, RM 1.4 to
RM 2.3LLCWindWard

environmental

Exceedances of SQS and CSL in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.

b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.

c Subsurface sediment data in dredged areas were collected prior to dredging.
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Map 4-17d. Comparisons of concentrations of
total PCBs, BEHP, SVOCs, and metals to SMS
criteria (SQS or CSL) in subsurface sediment
cores, RM 1.4 to RM 2.3LLCWindWard

environmental
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SQS/CSL categories for SMS chemicals in subsurface core intervalsa
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a When OC-normalization was not appropriate because TOC content was
< 0.5% or > 4.0%, dry weight concentrations for these locations were
compared instead to the LAET and 2LAET.
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> SQS and ≤ CSL, non-detect
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Map 4-17e. Comparisons of concentrations of
all SMS chemicals to SMS criteria (SQS or
CSL) in subsurface sediment cores, RM 2.3 to
RM 3.5LLCWindWard

environmental
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Exceedances of SQS and CSL in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.

b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.

c Subsurface sediment data in dredged areas were collected prior to dredging.

Note: This map does not include samples in the Boeing Plant 2/Jorgensen Forge Early Action Area.
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Map 4-17f. Comparisons of concentrations of
total PCBs, BEHP, SVOCs, and metals to SMS
criteria (SQS or CSL) in subsurface sediment
cores, RM 2.3 to RM 3.5LLCWindWard
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a When OC-normalization was not appropriate because TOC content was
< 0.5% or > 4.0%, dry weight concentrations for these locations were
compared instead to the LAET and 2LAET.
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Map 4-17g. Comparisons of concentrations of
all SMS chemicals to SMS criteria (SQS or
CSL) in subsurface sediment cores, RM 3.5 to
RM 4.3LLCWindWard

environmental

Exceedances of SQS and CSL in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.

b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.

c Subsurface sediment data in dredged areas were collected prior to dredging.

Note: This map does not include samples in the Boeing Plant 2/Jorgensen Forge or T-117 Early Action Areas.
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a When OC-normalization was not appropriate because TOC content was
< 0.5% or > 4.0%, dry weight concentrations for these locations were
compared instead to the LAET and 2LAET.
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≤ SQS, detect and non-detect

> SQS and ≤ CSL, non-detect



!(
!(!(
!( !(
!(!(!( !(

!(!(
!(

!(

!(

!(

!(

!(

!( !(
!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(
!(
!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!( !(

�)

�)

�)
�) �)

�)

�)

�)

�)

�)

�)

�)

�)

�)
�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)
�)

�)

�)

�)

�)

�)�)
�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)

�)
�)

�)

�)

�)

�)

�)
�)

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(
!(

!(

!(
!(
!(

!(

!(

!(

!(

!(
!(!(!(

!(

!(

!(

!(

!(

!(!(

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

4.
3

4.
4

4.9

4.8

4.7

4.
6

4.
5

5.1

5.0

Norfolk

Early Action Area

C1

DR269

NFK009
NFK207

NFK008

DTB-01SD

DTB-02SD

LDW-SC56

LDW-SC55

DTB-05SD

DTB-03SD

DTB-04SDAverage Of 8-9

Average Of 10-12

P
re

pa
re

d 
by

 C
E

H
, 0

7/
14

/2
01

0;
 M

A
P

 2
98

4;
 W

:\P
ro

je
ct

s\
00

-0
8-

06
_D

uw
am

is
h_

R
I\d

at
a\

gi
s\

P
ha

se
2 

R
I\N

at
ur

e 
an

d 
E

xt
en

t\S
ub

su
rf

ac
e\

B
ar

 c
ha

rt
s

Map 4-17i. Comparisons of concentrations of
all SMS chemicals to SMS criteria (SQS or
CSL) in subsurface sediment cores, RM 4.3 to
RM 5.0LLCWindWard

environmental

Exceedances of SQS and CSL in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

S
U

R
FA

C
E

Dredging information provided by AECOM.

D
e

p
th

 b
e

lo
w

 m
u

d
lin

e
 (ft)

S
U

B
S

U
R

FA
C

E

±

0 250 500
Feet

0 50 100
Meters

! Subsurface sediment core

SQS/CSL categories for all SMS
chemicals at surface sediment locations 

a

!( > CSL, detect

!( > SQS and ≤ CSL, detect

�) > CSL, non-detect

�) > SQS and ≤ CSL, non-detect

!( ≤ SQS, detect and non-detect

Early Action Area
b

Dredged area
c

Navigation channel

River mile

SQS/CSL categories for all SMS
chemicals in subsurface core intervals

a

> CSL, detect

> CSL, non-detect

> SQS and ≤ CSL, detect

> SQS and ≤ CSL, non-detect

≤ SQS, detect and non-detect

Not analyzed

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

D
T
B

-0
1

S
D

 (R
M

 4
.4

)

A
v
e

ra
g

e
 O

f 8
-9

 (R
M

 4
.4

)

D
T
B

-0
2

S
D

 (R
M

 4
.5

)

C
1

 (R
M

 4
.6

)

D
T
B

-0
3

S
D

 (R
M

 4
.6

)

D
T
B

-0
4

S
D

 (R
M

 4
.6

)

A
v
e

ra
g

e
 O

f 1
0

-1
2

 (R
M

 4
.6

)

L
D

W
-S

C
5

5
 (R

M
 4

.9
)

D
T
B

-0
5

S
D

 (R
M

 4
.7

)

D
R

2
6

9
 (R

M
 4

.6
)

N
F
K

0
0

8
 (R

M
 4

.9
)

N
F
K

2
0

7
 (R

M
 4

.9
)

N
F
K

0
0

9
 (R

M
 4

.9
)

L
D

W
-S

C
5

6
 (R

M
 4

.7
)

i

i

i

i

i

i

Subsurface sediment core locations and exceedances of SQS and CSL (chemical criteria and toxicity combined) in
surface sediment

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.
b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
c Subsurface data in the Norfolk Early Action Area were collected prior to dredging and capping. In other dredged areas, subsurface data were collected prior to dredging.

LD
W

-S
S

1
4

3

D
R

2
6

9

N
F

K
5

0
1

 - O
ct-9

Labeled values represent a surface sediment location within 10 ft of the subsurface sediment core.

9



P
re

pa
re

d 
by

 C
E

H
, 0

7/
14

/2
01

0;
 M

A
P

 2
98

4;
 W

:\P
ro

je
ct

s\
00

-0
8-

06
_D

uw
am

is
h_

R
I\d

at
a\

gi
s\

P
ha

se
2 

R
I\N

at
ur

e 
an

d 
E

xt
en

t\S
ub

su
rf

ac
e\

B
ar

 c
ha

rt
s

Map 4-17j. Comparisons of concentrations of
total PCBs, BEHP, SVOCs, and metals to SMS
criteria (SQS or CSL) in subsurface sediment
cores, RM 4.5 to RM 5.0LLCWindWard

environmental

BEHP

SVOCs (excluding BEHP) Arsenic and other metals

Total PCBs

> CSL, non-detect

> SQS and ≤ CSL, detected

> CSL, detected

SQS/CSL categories for SMS chemicals in subsurface core intervalsa

0

2

4

6

8

10

12

14

D
T

B
-0

1
S

D
 (

R
M

 4
.4

)

A
v

e
ra

g
e

 O
f 

8
-9

 (
R

M
 4

.4
)

D
T

B
-0

2
S

D
 (

R
M

 4
.5

)

C
1

 (
R

M
 4

.6
)

D
T

B
-0

3
S

D
 (

R
M

 4
.6

)

D
T

B
-0

4
S

D
 (

R
M

 4
.6

)

A
v

e
ra

g
e

 O
f 

1
0

-1
2

 (
R

M
 4

.6
)

L
D

W
-S

C
5

5
 (

R
M

 4
.9

)

D
T

B
-0

5
S

D
 (

R
M

 4
.7

)

D
R

2
6

9
 (

R
M

 4
.6

)

N
F

K
0

0
8

 (
R

M
 4

.9
)

N
F

K
2

0
7

 (
R

M
 4

.9
)

N
F

K
0

0
9

 (
R

M
 4

.9
)

L
D

W
-S

C
5

6
 (

R
M

 4
.7

)

0

2

4

6

8

10

12

14

D
T

B
-0

1
S

D
 (

R
M

 4
.4

)

A
v

e
ra

g
e

 O
f 

8
-9

 (
R

M
 4

.4
)

D
T

B
-0

2
S

D
 (

R
M

 4
.5

)

C
1

 (
R

M
 4

.6
)

D
T

B
-0

3
S

D
 (

R
M

 4
.6

)

D
T

B
-0

4
S

D
 (

R
M

 4
.6

)

A
v

e
ra

g
e

 O
f 

1
0

-1
2

 (
R

M
 4

.6
)

L
D

W
-S

C
5

5
 (

R
M

 4
.9

)

D
T

B
-0

5
S

D
 (

R
M

 4
.7

)

D
R

2
6

9
 (

R
M

 4
.6

)

N
F

K
0

0
8

 (
R

M
 4

.9
)

N
F

K
2

0
7

 (
R

M
 4

.9
)

N
F

K
0

0
9

 (
R

M
 4

.9
)

L
D

W
-S

C
5

6
 (

R
M

 4
.7

)

0

2

4

6

8

10

12

14

D
T

B
-0

1
S

D
 (

R
M

 4
.4

)

A
v

e
ra

g
e

 O
f 

8
-9

 (
R

M
 4

.4
)

D
T

B
-0

2
S

D
 (

R
M

 4
.5

)

C
1

 (
R

M
 4

.6
)

D
T

B
-0

3
S

D
 (

R
M

 4
.6

)

D
T

B
-0

4
S

D
 (

R
M

 4
.6

)

A
v

e
ra

g
e

 O
f 

1
0

-1
2

 (
R

M
 4

.6
)

L
D

W
-S

C
5

5
 (
R

M
 4

.9
)

D
T

B
-0

5
S

D
 (

R
M

 4
.7

)

D
R

2
6

9
 (

R
M

 4
.6

)

N
F

K
0

0
8

 (
R

M
 4

.9
)

N
F

K
2

0
7

 (
R

M
 4

.9
)

N
F

K
0

0
9

 (
R

M
 4

.9
)

L
D

W
-S

C
5

6
 (
R

M
 4

.7
)

D
e

p
th

 b
e

lo
w

 m
u

d
li

n
e

 (
ft

)

D
e

p
th

 b
e

lo
w

 m
u

d
li

n
e

 (
ft

)

0

2

4

6

8

10

12

14

D
T

B
-0

1
S

D
 (

R
M

 4
.4

)

A
v

e
ra

g
e

 O
f 

8
-9

 (
R

M
 4

.4
)

D
T

B
-0

2
S

D
 (

R
M

 4
.5

)

C
1

 (
R

M
 4

.6
)

D
T

B
-0

3
S

D
 (

R
M

 4
.6

)

D
T

B
-0

4
S

D
 (

R
M

 4
.6

)

A
v

e
ra

g
e

 O
f 

1
0

-1
2

 (
R

M
 4

.6
)

L
D

W
-S

C
5

5
 (
R

M
 4

.9
)

D
T

B
-0

5
S

D
 (

R
M

 4
.7

)

D
R

2
6

9
 (

R
M

 4
.6

)

N
F

K
0

0
8

 (
R

M
 4

.9
)

N
F

K
2

0
7

 (
R

M
 4

.9
)

N
F

K
0

0
9

 (
R

M
 4

.9
)

L
D

W
-S

C
5

6
 (
R

M
 4

.7
)

D
e

p
th

 b
e

lo
w

 m
u

d
li

n
e

 (
ft

)

D
e

p
th

 b
e

lo
w

 m
u

d
li

n
e

 (
ft

)

a When OC-normalization was not appropriate because TOC content was
< 0.5% or > 4.0%, dry weight concentrations for these locations were
compared instead to the LAET and 2LAET.

Not analyzed

≤ SQS, detect and non-detect

> SQS and ≤ CSL, non-detect



k

#*

9
k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9 GF

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

XW�

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

GF

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

XW�

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9k

#*

9

k

#*

9

k

#*

9

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

$+

!(

$+

!(

$+
!($+

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!( !(

!( !(

!(

$+
!(

!(
!(

!(
!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

$+

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

$+

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

$+

$+

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

$+

$+

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(!(

!(
$+

$+

!(

!(

$+

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

$+

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

$+

!(!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

$+

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

$+

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

$+

!(

!( !(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(

Slip 1

Slip 2

Kellogg I.

Harbor I.

1.9

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.1

0.9

0.1

0.2

0.3

0.6

0.5

0.4

0.0

2.0

1.0

Duwamish/Diagonal

Early Action Area

W
 M

ar
gi

na
l W

ay
 S

West Seattle Bridge

1s
t A

ve
. S

 B
rid

ge

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

XW�

XW�k

#*

9k

#*

9k

#*

9
k

#*

9

k

#*

9XW�XW�

k

#*

9k

#*

9

k

#*

9

XW�
k

#*

9
XW�XW�XW�k

#*

9XW
�

XW�

XW�k

#*

9

XW�

XW�

XW�

XW�

k

#*

9

XW�

k

#*

9

XW�

k

#*

9

k

#*

9

k

#*

9
k

#*

9

XW�k

#*

9

k

#*

9

k
#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

XW�

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9XW�

k

#*

9
k

#*

9
k

#*

9 k

#*

9 k

#*

9

k

#*

9

GF

k

#*

9

k

#*

9

k

#*

9
k

#*

9k

#*

9
k

#*

9

k

#*

9
k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9
k

#*

9
k

#*

9
k

#*

9
k

#*

9k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9XW�

XW�

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

XW�

k

#*

9

k

#*

9

XW

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

!(
!(

!(!(
!(

!(

!(
!(

!(
!(

!(

!(
!(

!(

!(

!(!(
!(

!(!(
!(

!(!(
!(

!(

!(
!(

!(!(
!(

!(
!(!(

!(

!(

!(
!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

$+

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

$+

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(
!(

!(
!(
!(
!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

$+

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

$+

$+

!(
$+

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

$+

!(

!(

!(

!(

!(

!(

!(

$+

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(
!(
!(!(

!(
!(

!(!(
!(

!(
!(

!(
!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(
!(

!(
!(
!(

!(

!(!(!(
!(
!(!(!(

!(

!(!(
!(
!(

!(!(
!(!(!(

!(

!(

!( !(!(!(

!(

!(

!(
!(!(!(!(

!(!(
!(

!(
!(

!(

!(

!(
!(
!(

!(
!(

!(

!(

!(
!(

!(

!(
!(

!(

!(!(
!(!(

!(

$+

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(!(
!(

!(

!(!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(!(!(

!(!(!(
!(

!(!(!(

!(!(

!(!(
!(!(!(!(!(
!(!(

!(!(!(
!(!(!(!(!(
!(!(
!(
!(!(!(
!(!(
!(

!(
!(!(!(

!(

!(
!(

!(
!(

!(

!(

!(
!(
!(
!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!( !(

!(!(

!(
!(

!( !(
!(
!(
!(
!(

!(!(

!( !(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

$+

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(
!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

Slip 4

Slip 3

Slip 6

RM 3.8

Early

Action

Area

2.2

2.1

3.9

3.8

3.7

3.6

3.5

3.4

3.3

3.2

3.1

2.9

2.8

2.7

2.6

2.5

2.4

2.3

4.1

2.0

4.0

3.0

Early Action

Area 2

T-117

Early Action Area

RM 3.8

Early Action Area

Slip 4

Early Action Area

Boeing Plant 2/

Jorgensen Forge

Early Action Area

E
 M

arginal W
ay S

1s
t A

ve
. S

 B
rid

ge

South P
ark 

Brid
ge

!.!.

!.

#*

!.

!.

!.

!.

!.

!.

!.XW

!.

!.

!.

!.

!.
!.

!.

!?#*

�J

!?

GF

!?

!?

#*#*

!?

!?

!(

!(

!(
!(
!(

!(
!(

!(

!(!(

!(

!($+
!(
!(

!(
!(

!(
!(

!(
!(

!(
!(

!(!(

!( !(

!( !(

!(
!(

!(!(

!( !(

!(
!(

!(!(

$+

!(

!(!(

!(
!(

!(

!(
!(!(
!(!(!(!(

!(

!(!(!(!(!(!(!(!(

!(

!( !(

!(

!(
!(

!(

!(

!(

$+

$+
!(

$+

!(

$+

$+

!(

!(
!(

$+

!(

!(

!(

$+

$+

!(

!(

$+

$+

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

$+
$+

$+

$+

$+

$+

$+

$+

$+

$+

!(

!(

!(

!(

!($+

$+
!(

$+

!(

!(

!(
!(

!(

$+

!(

!(

$+

$+

$+

!($+

$+

$+

!(

!(

!(

$+

$+

$+

$+

$+

$+

!(

!(

!(

!(!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

$+

!(

!(

!(

!(

$+

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(
!(!(

!(
!(

!(

!(

$+

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

$+
!(
!(

!($+

$+

$+

$+

$+

$+$+

$+$+

!(!( !(!(
!(!(!(!(
!(!(

!(
!(

$+
$+
!(

$+

$+!(!(

$+!(
!(

!(

!(!(!(
!(

!(

!(

Slip 6

Upper Turning
Basin

H
w

y 
99

S. 102nd St. B
ridge

4.2

5.1

5.7

5.6

5.5

5.4

5.3

5.2

4.3

4.9

4.
8

4.
7

4.6

4.5

4.4

5.0

Norfolk

Early Action Area

P
re

pa
re

d 
by

 C
E

H
, 0

7/
14

/2
01

0;
 M

A
P

 2
80

8;
 W

:\P
ro

je
ct

s\
00

-0
8-

06
_D

uw
am

is
h_

R
I\d

at
a\

gi
s\

P
ha

se
2 

R
I\N

at
ur

e 
an

d 
E

xt
en

t\S
ur

fa
ce

 S
ed

im
en

t\P
C

B
s

±
Map 4-18. Total PCB concentrations in surface
sediment

Total PCB concentration
(µg/kg dw)

a

!( > 4,300
!( > 390 and ≤ 4,300
!( > 140 and ≤ 390
!( > 58 and ≤ 140
!( ≤ 58
$+ Non-detect

Early Action Area
b

Dredged and capped area
c

Thin-layer placement
c

Road

Navigation channel

River mile

±

±

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

a Percentiles were calculated on a numerical basis using both detected and
non-detected values from the baseline surface sediment dataset. Total PCBs
represent the sum of the concentrations of all detected Aroclors. For loca-
tions with non-detects for all Aroclors, a value equal to the highest RL of an
individual Aroclor at that location was used.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is presented
in Section 9.2.2.
c For the Duwamish/Diagonal early action area, surface sediment data in the
baseline dataset represent samples collected before dredging, capping, or
thin-layer placement in 2003 to 2005. For the Norfolk early action area,
surface sediment data represent samples collected after dredging and
capping at the Norfolk CSO removal area in 1999 and before sediment
removal and capping at the Boeing Developmental Center south storm drain
in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey in
2003 (Herrera 2004). Some locations were initially identified using drainage
maps from Ecology’s National Pollutant Discharge Elimination System
(NPDES) permit files and other relevant agency databases. These locations
were later surveyed in the field. Review of agency files and interviews with
agency and LDWG personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications. The
outfall layer is meant to serve as a snapshot of outfall conditions at the time
the survey was completed (2003). More recent information, when available,
is reflected in the outfall discussions in Appendix I.
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Map 4-19. IDW interpolation of total PCB
concentrations in surface sediment

±

±

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

a Percentiles were calculated on an area basis as the concentration at
which a particular percentage of the LDW area has interpolated values
less than or equal to that concentration (e.g., the 95th percentile is the
concentration at which 95% of the LDW area has interpolated concen-
trations ≤ 810 µg/kg dw). Total PCBs represent the sum of the concen-
trations of all detected Aroclors. For locations with non-detects for all
individual Aroclors, a value equal to the highest RL of an individual
Aroclor at that location was used.

b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2. For the Duwamish/Diagonal Early Action
Area, surface sediment data in the baseline dataset represent samples
collected before dredging, capping, or thin-layer capping in 2003 to
2005. For the Norfolk Early Action Area, surface sediment data
represent samples collected after dredging and capping at the Norfolk
CSO removal area in 1999 and before sediment removal and capping
at the Boeing Developmental Center south storm drain in 2003.
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Map 4-20. Exceedances of SMS criteria (SQS
or CSL) for total PCBs in surface sediment

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

SQS/CSL categories
for total PCBs

a

!( > CSL, detect

!(

> SQS and ≤ CSL,
detect

!( ≤ SQS, detect and non-detect

Early Action Area
b

Dredged and capped area
c

Thin-layer placement
c

Road

Navigation channel

River mile

Outfall classification
d

k

#*

9 CSO

k

#*

9 CSO/storm drain

k

#*

9 EOF

k

#*

9 EOF/storm drain

k

#*

9
Permitted private
storm drain

k

#*

9 Private storm drain

k

#*

9 Public storm drain

k

#*

9
Pipe of unresolved
origin and/or use

XW� Abandoned
XW� Not an outfall

GF
Stream, channel,
or swale

k

#*

9k

#*

9

k

#*

9

k

#*

9

!(

!(

!(
!(
!(
!(

!(

!(
!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(!(!(

Boeing
Developmental
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Norfolk CSO
removal area

Norfolk

Early Action Area

a When OC-normalization was not appropriate because TOC content was
< 0.5% or > 4.0%, dry weight concentrations for these locations were
compared instead to the LAET and 2LAET.

b Several of the EAA boundaries are approximate and have not been finalized
by EPA/Ecology; a description of each EAA boundary is presented in Section
9.2.2.

c For the Duwamish/Diagonal Early Action Area, surface sediment data in
the baseline dataset represent samples collected before dredging, capping,
or thin-layer capping in 2003 to 2005. For the Norfolk Early Action Area,
surface sediment data represent samples collected after dredging and
capping at the Norfolk CSO removal area in 1999 and before sediment
removal and capping at the Boeing Developmental Center south storm
drain in 2003.

d Outfalls shown were identified during a City of Seattle low-tide survey in
2003 (Herrera 2004). Some locations were initially identified using drainage
maps from Ecology’s National Pollutant Discharge Elimination System
(NPDES) permit files and other relevant agency databases. These locations
were later surveyed in the field. Review of agency files and interviews with
agency and Lower Duwamish Waterway Group (LDWG) personnel provided 
additional outfall-specific information. Some locations were field-verified by
LDWG members; some additional outfall locations were identified during
these subsequent verifications. The outfall layer is meant to serve as a
snapshot of outfall conditions at the time the survey was completed (2003).
More recent information, when available, is reflected in the outfall discussions
in Appendix I.
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Map 4-21. PCB TEQ values in surface sediment
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a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
TEQs were calculated with mammalian TEFs for individual PCB
congeners (Van den Berg et al. 2006), using one-half the RL for
undetected congeners.

b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c For the Duwamish/Diagonal Early Action Area, surface sediment data
in the baseline dataset represent samples collected before dredging,
capping, or thin-layer capping in 2003 to 2005. For the Norfolk Early
Action Area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and
before sediment removal and capping at the Boeing Developmental
Center south storm drain in 2003.

d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-22. Differences in total PCB
concentrations in surface sediment at
locations that have been resampled

Scale is the same for each inset map
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An evaluation of
monitoring data for
the Norfolk removal
area is presented in
Appendix I, 
Section I.4.8.
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are presented in 
Appendix I, 
Section I.4.1.
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ized by EPA/Ecology; a description of each EAA boundary is presented in
Section 9.2.2.

c Outfalls shown were identified during a City of Seattle low-tide survey in
2003 (Herrera 2004). Some locations were initially identified using drainage
maps from Ecology’s National Pollutant Discharge Elimination System
(NPDES) permit files and other relevant agency databases. These locations
were later surveyed in the field. Review of agency files and interviews with
agency and Lower Duwamish Waterway Group (LDWG) personnel provided 
additional outfall-specific information. Some locations were field-verified by
LDWG members; some additional outfall locations were identified during
these subsequent verifications. The outfall layer is meant to serve as a
snapshot of outfall conditions at the time of the survey was completed
(2003). More recent information, when available, is reflected in the outfall
discussions in Appendix I.
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 percentile = 13,000

75
th
 percentile = 3,100

50
th
 percentile = 620

25
th
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> 13,000

> 3,100 and ≤ 13,000

> 620 and ≤ 3,100

> 200 and ≤ 620
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Insufficient data for interpolation
b

Slip 4 early action area

Crowley dredged area (1996)

Areas evaluated in Section 4.2.3.1

Outfall classification
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9 EOF

k
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9 EOF/storm drain

k
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9 Permitted private storm drain

k

#*

9 Public storm drain

Tax parcel
d

Road

a Percentiles were calculated on a numerical basis for the Slip 4 area using both detected and
non-detected values from the baseline surface sediment dataset. For locations with non-detects
for all Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used.

b Area with insufficient data was estimated visually based on density of existing data points.

c Outfalls shown were identified during a City of Seattle low-tide survey in 2003 (Herrera 2004).
Some locations were initially identified using drainage maps from Ecology’s National Pollutant
Discharge Elimination System (NPDES) permit files and other relevant agency databases. These
locations were later surveyed in the field. Review of agency files and interviews with agency and
Lower Duwamish Waterway Group (LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional outfall locations were
identified during these subsequent verifications. The outfall layer is meant to serve as a snapshot
of outfall conditions at the time of the survey was completed (2003). More recent information, when
available, is reflected in the outfall discussions in Appendix I.

d Tax parcel information was provided in 2008 by Seattle Public Utilities and King County. Some
tax parcel polygons were edited to conform to the LDW shoreline presentation. A comprehensive
survey of property-owner records was not conducted.

Map 4-23. Total PCB concentrations 
in surface sediment from Slip 4 in
1990, 1997-1998, and 2004
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Map 4‐24. Surface sediment data at
Duwamish/Diagonal perimeter
monitoring locations
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a Outfalls shown were identified during a City of Seattle low‐tide survey in 2003 (Herrera 2004). Some locations were initially identified 
using drainage maps from Ecology s National Pollutant Discharge Elimination System (NPDES) permit files and other relevant agency 
databases. These locations were later surveyed in the field. Review of agency files and interviews with agency and Lower Duwamish 
Waterway Group (LDWG) personnel provided additional outfall‐specific information. Some locations were field‐verified by LDWG 
members; some additional outfall locations were identified during these subsequent verifications. The outfall layer is meant to serve as 
a snapshot of outfall conditions at the time the survey was completed (2003). More recent information, when available, is reflected in 
the outfall discussions in Appendix I.
b Tax parcel information was provided in 2008 by Seattle Public Utilities and King County. Some tax parcel polygons were edited to 
conform to the LDW shoreline presentation. A comprehensive survey of property‐owner records was not conducted.
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Map 4-25a. Total PCB concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 0.0 to RM 1.8

Scale is the same for each map frame
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for total PCBs, but not in the illustrated 
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LLCWindWard
environmentalSubsurface core locations with 

0-to-2-ft sampling intervals
Subsurface core locations with
2-to-4-ft sampling intervals

Subsurface core locations with
4-to-6-ft sampling intervals

a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-
detects for all Aroclors, a value equal to the highest RL of an
individual Aroclor at that location was used.
b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.
c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.
d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.
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Map 4-25b. Total PCB concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 1.8 to RM 3.7

Scale is the same for each map frame

0 0.1 0.2
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Kilometers

!

Other subsurface sampling location analyzed
for total PCBs, but not in the illustrated 
sampling interval

Early Action Area
d

Dredged area
e

Road

Navigation channel

River mile

LLCWindWard
environmentalSubsurface core locations with

0-to-2-ft sampling intervals
Subsurface core locations with
2-to-4-ft sampling intervals

Subsurface core locations with
4-to-6-ft sampling intervals

Total PCB concentration 
(µg/kg dw)a

�) > 4,300

�) > 390 and ≤ 4,300

�) > 140 and ≤ 390

�) > 58 and ≤ 140

�) ≤ 58

�) Non-detect

95th percentile = 4,300
75th percentile = 390
50th percentile = 140
25th percentile = 58

a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. Total PCBs represent the sum of the concen-
trations of all detected Aroclors. For locations with non-detects for
all Aroclors, a value equal to the highest RL of an individual
Aroclor at that location was used.

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the average
of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not
been finalized by EPA/Ecology; a description of each EAA boundary
is presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.
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Map 4-25c. Total PCB concentrations in
subsurface sediment within the 0-to-2-ft,
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�) Non-detect

95th percentile = 4,300
75th percentile = 390
50th percentile = 140
25th percentile = 58

a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-
detects for all Aroclors, a value equal to the highest RL of an
individual Aroclor at that location was used.

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

Dredging information provided by AECOM.
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Map 4-26a. Total PCB concentrations in
surface sediment and subsurface sediment
cores, RM 0.0 to RM 1.0
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Interpolated total PCB concentrations (µg/kg dw) in surface sediments

Total PCB concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core

SQS/CSL categories for total
PCB concentration (mg/kg OC)
in surface sediment

SQS = 12
CSL = 65

!( > CSL, detect
!( > SQS and ≤ CSL, detect
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Interpolated total PCB
concentration (µg/kg dw)
in surface sedimenta

95th percentile = 810
75th percentile = 210
50th percentile = 110
25th percentile = 48
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> 210 and ≤ 810
> 110 and ≤ 210
> 48 and ≤ 110
≤ 48

Non-detect
Not analyzed

a Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g. the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.
b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
c For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. Subsurface sediment data in
dredged areas were collected prior to dredging.
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Map 4-26b. Total PCB concentrations in
surface sediment and subsurface sediment
cores, RM 1.0 to RM 2.2

LLCWindWard
environmental

0 250 500
Feet
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Meters

Interpolated total PCB concentrations (µg/kg dw) in surface sediments

Total PCB concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

a Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.

b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.

Locations west of the
navigation channel

Locations in the
navigation channel

Locations east of the
navigation channel

S
U

B
S

U
R

FA
C

E
S

U
R

FA
C

E

Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.

Dredging information provided by AECOM.

! Subsurface sediment core
SQS/CSL categories for total PCB
concentration (mg/kg OC) in
surface sediment
SQS = 12
CSL = 65
!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Dredged areaa

River mile
Navigation channel

Interpolated total PCB
concentration (µg/kg dw)
in surface sedimentb

95th percentile = 810
75th percentile = 210
50th percentile = 110
25th percentile = 48

> 810
> 210 and ≤ 810
> 110 and ≤ 210
> 48 and ≤ 110
≤ 48
Non-detect
Not analyzed
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Map 4-26c. Total PCB concentrations in
surface sediment and subsurface sediment
cores, RM 2.2 to RM 3.0

LLCWindWard
environmental

0 250 500
Feet

0 50 100
Meters

Total PCB concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for total PCB
concentration (mg/kg OC)
in surface sediment
SQS = 12
CSL = 65
!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Early Action Areaa

Dredged areab

River mile
Navigation channel

Interpolated total PCB
concentration (µg/kg dw)
in surface sedimentc

95th percentile = 810
75th percentile = 210
50th percentile = 110
25th percentile = 48

> 810
> 210 and ≤ 810
> 110 and ≤ 210
> 48 and ≤ 110
≤ 48
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.

Locations west of the
navigation channel

Locations in the
navigation channel

Locations east of the
navigation channel

Locations in the Slip 4
Early Action Area

S
U

B
S

U
R

FA
C

E
S

U
R

FA
C

E

Interpolated total PCB concentrations (µg/kg dw) in surface sediments

Dredging information provided by AECOM.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.
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Map 4-26d. Total PCB concentrations in
surface sediment and subsurface sediment
cores, RM 3.0 to RM 4.0

LLCWindWard
environmental

0 250 500
Feet

0 50 100
Meters

Interpolated total PCB concentrations (µg/kg dw) in surface sediments

Total PCB concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for total
PCB concentration (mg/kg OC)
in surface sediment
SQS = 12
CSL = 65
!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Early Action Area
a

Dredged areac

River mile
Navigation channel

Interpolated total PCB
concentration (µg/kg dw)
in surface sedimentc

95th percentile = 810
75th percentile = 210
50th percentile = 110
25th percentile = 48

> 810
> 210 and ≤ 810
> 110 and ≤ 210
> 48 and ≤ 110
≤ 48
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.

Locations west of the
navigation channel

Locations in the
navigation channel

Locations east of the
navigation channel
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.
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Map 4-26e. Total PCB concentrations in
surface sediment and subsurface sediment
cores from the Boeing Plant 2/Jorgensen
Forge Early Action Area, RM 3.0 to RM 3.5LLCWindWard

environmental
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Interpolated total PCB concentrations (µg/kg dw) in surface sediments

Total PCB concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

! Subsurface sediment core
SQS/CSL categories for total
PCB concentration (mg/kg OC)
in surface sediment
SQS = 12
CSL = 65
!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Early Action Area
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Navigation channel

Interpolated total PCB
concentration (µg/kg dw)
in surface sedimentc

95th percentile = 810
75th percentile = 210
50th percentile = 110
25th percentile = 48

> 810
> 210 and ≤ 810
> 110 and ≤ 210
> 48 and ≤ 110
≤ 48
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.

Locations in the Boeing Plant 2/Jorgensen Forge Early Action Area
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.
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Map 4-26f. Total PCB concentrations in
surface sediment and subsurface sediment
cores from the Boeing Plant 2/Jorgensen
Forge Early Action Area, RM 3.5 to RM 3.7LLCWindWard
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Interpolated total PCB concentrations (µg/kg dw) in surface sediments

Total PCB concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples
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Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.
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Map 4-26g. Total PCB concentrations in
surface sediment and subsurface sediment
cores from the T-117 Early Action Area

LLCWindWard
environmental
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Feet

0 50 100
Meters

Interpolated total PCB concentrations (µg/kg dw) in surface sediments

Total PCB concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

! Subsurface sediment core
SQS/CSL categories for total
PCB concentration (mg/kg OC)
in surface sediment
SQS = 12
CSL = 65
!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Early Action Area
a

Dredged areab

River mile
Navigation channel

Interpolated total PCB
concentration (µg/kg dw)
in surface sedimentc

95th percentile = 810
75th percentile = 210
50th percentile = 110
25th percentile = 48

> 810
> 210 and ≤ 810
> 110 and ≤ 210
> 48 and ≤ 110
≤ 48
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.
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Map 4-26h. Total PCB concentrations in
surface sediment and subsurface sediment
cores, RM 4.0 to RM 5.0

LLCWindWard
environmental
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Feet

0 50 100
Meters

Interpolated total PCB concentrations (µg/kg dw) in surface sediments

Total PCB concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for total
PCB concentration (mg/kg OC)
in surface sediment
SQS = 12
CSL = 65
!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Early action areaa

Dredged areab

River mile
Navigation channel

Interpolated total PCB
concentration (µg/kg dw)
in surface sedimentc

95th percentile = 810
75th percentile = 210
50th percentile = 110
25th percentile = 48

> 810
> 210 and ≤ 810
> 110 and ≤ 210
> 48 and ≤ 110
≤ 48
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b For the Norfolk Early Action Area, surface sediment data represent samples collected after dredging and capping at the Norfolk CSO/SD removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003. Subsurface sediment data at locations in dredged areas were collected prior to dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated values ≤ 810 µg/kg dw). Total PCBs represent the sum of the concentrations
of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.

Locations west of the
navigation channel

Locations in the
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.

iiiiii

ii At the Norfolk EAA, surface sediment data, which were collected
after the removal action at the Norfolk CSO area in 1999 but before
the removal action at the BDC south storm drain outfall area in
2003, do not reflect conditions at the time subsurface cores were
collected in 1995.
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Map 4-27a. Comparison of PCB concentrations
in subsurface cores to co-located surface
sediment locations, RM 0.0 to RM 2.5

LLCWindWard
environmental

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.
b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.
c Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
d For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. Subsurface sediment data in
dredged areas were collected prior to dredging.

Dredging information provided by AECOM.
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Map 4-27b. Comparison of PCB concentrations
in subsurface cores to co-located surface
sediment locations, RM 2.5 to RM 5.0

LLCWindWard
environmental

Total PCB concentrations (µg/kg dw) in surface sediments, subsurface core data, and co-located (within 10 ft) surface
sediment data

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.
b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 810 µg/kg dw). Total PCBs represent the sum of the
concentrations of all detected Aroclors. For locations with non-detects for all individual Aroclors, a value equal to the highest RL of an individual Aroclor at that location was used. Interpolated surface does not show non-detects.
c Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
d For the Norfolk Early Action Area, surface sediment data represent samples collected after dredging and capping at the Norfolk CSO removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003. Subsurface sediment data in dredged areas were collected prior to dredging.
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Note: There are no data for DC (EM, HP, or WB) in 2006; SC (EM, HP, or WB) in 2005 or 
2006; PS‐WB in 2006 or 2007; or ES‐ FL in 2006.

Note: There are no data for any tissue types in 2006 or for PS‐WB in 2007.

Note: There are no data for any tissue types in 2006; for SC (EM, HP, or WB) in 2005 or 
2007; or PS‐WB in 2007.

Note: There are no data for any tissue types in 2006; for DC (EM, HP, or WB) in 2007; 
PS‐WB in 2007; or ES‐FL in 2007.
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Note: Clams were only analyzed for total PCBs at sitx locations in 2007 
(C2‐1, C6, C7, C8, C9, and C10‐1). Depurated clam samples were also 
analyzed for total PCBs in 2007 but are not shown on this figure. 
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SWAC ‐ spatially weighted average concentration

95th percentile = 810
75th percentile = 210
50th percentile = 110
25th percentile = 48

a 
Percentiles were calculated on an area basis as the concentration at which a particular percentage 
of the LDW area has interpolated values less than or equal to that concentration (e.g., the 95th 
percentile is the concentration at which 95% of the LDW area has interpolated values 
 810 µg/kg dw). Interpolated concentrations were calculated including locations with non‐detected 
values. For locations with non‐detects for all Aroclors, a value equal to the highest RL of an individual 
Aroclor at that location was used.

Map Legend

DC ‐ Dungeness crab
SC ‐ Slender crab
ES ‐ English sole
PS ‐ Pacific staghorn sculpin
SS ‐ Shiner surfperch
EM ‐ Edible meat
FL ‐ Fillet with skin
HP ‐ Hepatopancreas
WB ‐ Whole body

2004 fish or crab PCB concentration

Graph Legend

Acronyms for species
and tissue type

2005 fish or crab PCB concentration
2006 fish or crab PCB concentration

2004 softshell clam, benthic
invertebrate, or salmon PCB 
concentration

2004 co‐located PCB concentration
in sediment

2007 fish or crab PCB concentration

2007 softshell clam PCB 
concentration

b 
For the Duwamish/Diagonal early action area, surface sediment data in the baseline dataset 
represent samples collected before dredging, capping, or thin‐layer placement in 2003 to 2005. For 
the Norfolk early action area, surface sediment data represent samples collected after dredging and 
capping at the Norfolk CSO removal area in 1999 and before sediment removal and capping at the 
Boeing Developmental Center south storm drain in 2003.
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sediment sampling location (2007)
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Map 4-29. Arsenic concentrations in surface
sediment 

Arsenic concentration
(mg/kg dw)

a

!( > 30
!( > 15 and ≤ 30
!( > 11 and ≤ 15
!( > 7.9 and ≤ 11
!( > 1.2 and ≤ 7.9
$+ Non-detect

Exceedance
�) > CSL
#* > SQS and ≤ CSL
!( ≤ SQS

Early Action Area
b

Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

±

±

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c For the Duwamish/Diagonal Early Action Area, surface sediment data
in the baseline dataset represent samples collected before dredging,
capping, or thin-layer capping in 2003 to 2005. For the Norfolk Early
Action Area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and
before sediment removal and capping at the Boeing Developmental
Center south storm drain in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

LLCWindWard
environmental

95th percentile = 30
75th percentile = 15
50th percentile = 11
25th percentile = 7.9
CSL = 93
SQS = 57
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Map 4-30. IDW interpolation of arsenic
concentrations in surface sediment

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

Arsenic concentration (mg/kg dw)
a

> 25
> 14 and ≤ 25
> 11 and ≤ 14
> 8.6 and ≤ 11
≤ 8.6

SQS/CSL categories for arsenic
�) > CSL
#* > SQS and ≤ CSL
!( ≤ SQS

Early Action Area
b

Road

Navigation channel

River mile

LLCWindWard
environmental

a Percentiles were calculated on an area basis as the concentration at
which a particular percentage of the LDW area has interpolated values
less than or equal to that concentration (e.g., the 95th percentile is the
concentration at which 95% of the LDW area has interpolated concen-
trations ≤ 25 mg/kg dw). Interpolated concentrations were calculated
including locations with non-detected values. For locations with non-
detects, a value of one-half the RL at that location was used.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2. For the Duwamish/Diagonal Early Action
Area, surface sediment data in the baseline dataset represent samples
collected before dredging, capping, or thin-layer capping in 2003 to
2005. For the Norfolk Early Action Area, surface sediment data
represent samples collected after dredging and capping at the Norfolk
CSO removal area in 1999 and before sediment removal and capping
at the Boeing Developmental Center south storm drain in 2003.

95th percentile = 25
75th percentile = 14
50th percentile = 11
25th percentile = 8.6
CSL = 93
SQS = 57
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c Outfalls shown were identified during a City of Seattle low-tide survey in
2003 (Herrera 2004). Some locations were initially identified using drainage
maps from Ecology’s National Pollutant Discharge Elimination System
(NPDES) permit files and other relevant agency databases. These locations
were later surveyed in the field. Review of agency files and interviews with
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subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 0.0 to RM 1.8

Scale is the same for each map frame

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

!

Other subsurface sampling location analyzed
for arsenic, but not in the illustrated sampling 
interval

Early Action Area
d

Dredged area
e

Dredged and capped area
e

Dredged and thin-layer placement
e

Thin-layer placement

Road

Navigation channel

River mile

LLCWindWard
environmentalSubsurface core locations with

0-to-2-ft sampling intervals
Subsurface core locations with
2-to-4-ft sampling intervals

Subsurface core locations with
4-to-6-ft sampling intervals

a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. For locations with non-detects, a value of one-
half the RL at that location was used.

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.
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sediment dataset. For locations with non-detects, a value of one-
half the RL at that location was used.

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.
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Map 4-32c. Arsenic concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 3.7 to RM 6.0

Scale is the same for each map frame

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

!

Other subsurface sampling location analyzed
for arsenic, but not in the illustrated sampling 
interval

Early Action Area
d

Dredged area
e

Dredged and capped area
e

Road

Navigation channel

River mile

LLCWindWard
environmental

Subsurface core 
locations with 0-to-2-ft 
sampling intervals

Subsurface core 
locations with 2-to-4-ft 
sampling intervals

Subsurface core 
locations with 4-to-6-ft 
sampling intervals

Arsenic concentration
(mg/kg dw)

a

�) > 30
�) > 15 and ≤ 30
�) > 11 and ≤ 15
�) > 7.9 and ≤ 11
�) ≤ 7.9

�) Non-detect

a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. For locations with non-detects, a value of one-
half the RL at that location was used.

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

95th percentile = 30
75th percentile = 15
50th percentile = 11
25th percentile = 7.9

Dredging information provided by AECOM.

0-to-2-ftb    2-to-4-ftb    4-to-6-ftb

0-to-1-ftc    2-to-3-ftc    4-to-5-ftc

1-to-2-ftc    3-to-4-ftc    5-to-6-ftc

Not analyzed in that sampling interval

Sampling interval

Left
panel

Middle
panel

Right
panel

I

)

**

#*



�)
�) �)

�)

�)

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!( !(

!(
!(

!(

!( !(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!( !( !(

!(!(
!( !( !(

!( !(
!( !(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!( !(!(

!(

!(
!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(!(

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! ! !

!

!

!

!

!
!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!

Slip 1

Kellogg I.

Harbor I.

DUD006
DUD256

LDW-SC10

0.
9

0 .
8

0 .
7

0 .
6

0.
5

0 .
4

0 .
3

0 .
20.
1

0.
0

1.
0

Duwamish/Diagonal
Early Action Area

DR068

DR044

DR021
DR008

DUD262

DUD261

DUD260
DUD258

DUD257
DUD255

DUD254

DUD253DUD251
DUD250

DUD206

DUD027

DUD020

LDW-SC9LDW-SC8

LDW-SC7

LDW-SC6LDW-SC5

LDW-SC4

LDW-SC3

LDW-SC2

LDW-SC1

LDW-SC19

LDW-SC17

LDW-SC16
LDW-SC15

LDW-SC14

LDW-SC13

LDW-SC12

LDW-SC11

DUD252

P
re

pa
re

d 
by

 C
E

H
, 0

7/
15

/2
01

0;
 M

A
P

 2
98

8;
 W

:\P
ro

je
ct

s\
00

-0
8-

06
_D

uw
am

is
h_

R
I\d

at
a\

gi
s\

P
ha

se
2 

R
I\N

at
ur

e 
an

d 
E

xt
en

t\S
ub

su
rf

ac
e\

B
ar

 c
ha

rt
s

±

Map 4-33a. Arsenic concentrations in surface
sediment and subsurface sediment cores,
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This core was collected prior to dredging at that location.i
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a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. Subsurface sediment data in
dredged areas were collected prior to dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 25 mg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used. Interpolated surface does not show non-detects.
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Map 4-33b. Arsenic concentrations in surface
sediment and subsurface sediment cores,
RM 1.0 to RM 2.2

LLCWindWard
environmental
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Feet

0 50 100
Meters

Interpolated arsenic concentrations (mg/kg dw) in surface sediments

Arsenic concentrations (mg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for arsenic
concentration (mg/kg dw) in
surface sediment
SQS = 57
CSL = 93

!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Dredged area
a

River mile
Navigation channel

Interpolated arsenic
concentration (mg/kg dw)
in surface sediment

b

95
th
 percentile = 25

75
th
 percentile = 14

50
th
 percentile = 11

25
th
 percentile = 8.6
> 25
> 14 and ≤ 25
> 11 and ≤ 14
> 8.6and ≤ 11
≤ 8.6
Non-detect
Not analyzed

a Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 25 mg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used. Interpolated surface does not show non-detects.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.
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Map 4-33c. Arsenic concentrations in surface
sediment and subsurface sediment cores,
RM 2.2 to RM 3.0

LLCWindWard
environmental

0 250 500
Feet

0 50 100
Meters

Interpolated arsenic concentrations (mg/kg dw) in surface sediments

Arsenic concentrations (mg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for arsenic
concentration (mg/kg dw) in
surface sediment
SQS = 57
CSL = 93

!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Early Action Area
a

Dredged area
b

River mile
Navigation channel

Interpolated arsenic
concentration (mg/kg dw)
in surface sediment

c

95
th
 percentile = 25

75
th
 percentile = 14

50
th
 percentile = 11

25
th
 percentile = 8.6
> 25
> 14 and ≤ 25
> 11 and ≤ 14
> 8.6and ≤ 11
≤ 8.6
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 25 mg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used. Interpolated surface does not show non-detects.
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Map 4-33d. Arsenic concentrations in surface
sediment and subsurface sediment cores,
RM 3.0 to RM 4.0

LLCWindWard
environmental

0 250 500
Feet

0 50 100
Meters

Interpolated arsenic concentrations (mg/kg dw) in surface sediments

Arsenic concentrations (mg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for arsenic
concentration (mg/kg dw) in
surface sediment
SQS = 57
CSL = 93
!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Early Action Area
a

Dredged area
b

River mile
Navigation channel

Interpolated arsenic
concentration (mg/kg dw)
in surface sediment

c

95
th
 percentile = 25

75
th
 percentile = 14

50
th
 percentile = 11

25
th
 percentile = 8.6
> 25
> 14 and ≤ 25
> 11 and ≤ 14
> 8.6and ≤ 11
≤ 8.6
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 25 mg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used. Interpolated surface does not show non-detects.
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Map 4-33e. Arsenic concentrations in surface
sediment and subsurface sediment cores,
RM 4.0 to RM 5.0

LLCWindWard
environmental

0 250 500
Feet

0 50 100
Meters

Interpolated arsenic concentrations (mg/kg dw) in surface sediments

Arsenic concentrations (mg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for arsenic
concentration (mg/kg dw) in
surface sediment
SQS = 57
CSL = 93
!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Early Action Area
a

Dredged area
b

River mile
Navigation channel

Interpolated arsenic
concentration (mg/kg dw)
in surface sediment

c

95
th
 percentile = 25

75
th
 percentile = 14

50
th
 percentile = 11

25
th
 percentile = 8.6
> 25
> 14 and ≤ 25
> 11 and ≤ 14
> 8.6and ≤ 11
≤ 8.6
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b For the Norfolk Early Action Area, surface sediment data represent samples collected after dredging and capping at the Norfolk CSO/SD removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003. Subsurface sediment data at locations in dredged areas were collected prior to dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 25 mg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used. Interpolated surface does not show non-detects.
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ii At the Norfolk EAA, surface sediment data, which were collected
after the removal action at the Norfolk CSO area in 1999 but before
the removal action at the BDC south storm drain outfall area in
2003, do not reflect conditions at the time subsurface cores were
collected in 1995.
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Map 4-34a. Comparison of arsenic
concentrations in subsurface cores to
co-located surface sediment locations, RM 0.0
to RM 2.5LLCWindWard

environmental

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.
b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 25 mg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
c Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
d For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. Subsurface sediment data in
dredged areas were collected prior to dredging.

Dredging information provided by AECOM.
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Map 4-34b. Comparison of arsenic
concentrations in subsurface cores to
co-located surface sediment locations, RM 2.5
to RM 5.0LLCWindWard

environmental

Arsenic concentrations (mg/kg dw) in surface sediments, subsurface core data, and co-located (within 10 ft) surface
sediment data

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.
b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 25 mg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
c Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
d For the Norfolk Early Action Area, surface sediment data represent samples collected after dredging and capping at the Norfolk CSO removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003. Subsurface sediment data in dredged areas were collected prior to dredging.

S
U

B
S

U
R

FA
C

E
S

U
R

FA
C

E

Dredging information provided by AECOM.

D
e

p
th

 b
e

lo
w

 m
u

d
lin

e
 (ft)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

L
D

W
-S

C
4

6
 (R

M
 2

.7
)

D
R

2
2

4
 (R

M
 3

)

L
D

W
-S

C
5

0
a
 (R

M
 3

.8
)

D
R

2
2

0
 (R

M
 3

.8
)

S
B

-1
3

 (R
M

 4
)

S
H

-0
1

 (R
M

 4
)

S
H

-0
2

 (R
M

 4
)

S
H

-0
3

 (R
M

 4
.1

)

S
H

-0
4

 (R
M

 4
.1

)

S
B

-1
2

 (R
M

 4
.1

)

S
H

-0
5

 (R
M

 4
.1

)

S
B

-1
7

 (R
M

 4
.2

)

S
B

-3
 (R

M
 4

.2
)

S
B

-1
 (R

M
 4

.2
)

S
B

-4
 (R

M
 4

.2
)

S
B

-5
 (R

M
 4

.2
)

S
H

-0
7

 (R
M

 4
.2

)

S
B

-6
 (R

M
 4

.2
)

S
B

-1
1

 (R
M

 4
.2

)

S
H

-0
8

 (R
M

 4
.2

)

S
H

-0
9

 (R
M

 4
.2

)

D
R

2
8

4
 (R

M
 4

.1
)

S
B

-7
 (R

M
 4

.2
)

S
B

-8
 (R

M
 4

.2
)

S
B

-2
 (R

M
 4

.2
)

D
R

2
4

6
 (R

M
 4

.2
)

L
D

W
-S

C
5

5
 (R

M
 4

.9
)

D
R

2
6

9
 (R

M
 4

.6
)

1
6

1
3

1
8

5
.3

5
.9

7
0

7
2

8
1

1
6

1
2

1

1
0

1
0

1
1 9
.3

1
0

4
.7

8
.3

9
.3

5
.6

1
9

1
9

1
7

1
6

1
7 6
.6

1
2

9
.1

6
.9

7
.2

7
.0

8
.0

1
6

1
2

1
6

1
2

2
0

1
0

3
 U

3
 U

6
.0

5
.0

LD
W

-S
S

9
5

D
R

2
2

4

LD
W

-S
S

1
1

4

D
R

2
2

0

S
B

-1
3

S
H

-0
1

S
H

-0
2

S
H

-0
3

S
H

-0
4

S
B

-1
2

S
H

-0
5

S
B

-1
7

S
B

-3

S
B

-1

S
B

-4

S
B

-5

S
H

-0
7

S
B

-6

S
B

-1
1

S
H

-0
8

S
H

-0
9

D
R

2
8

4

S
B

-7

S
B

-8

S
B

-2

D
R

2
4

6

LD
W

-S
S

1
4

3

D
R

2
6

9

1
6

.5

6
.1

1
,1

0
0

1
5

.3

7
.9

8
.3

1
1

1
0

8
.8

1
4

4
.5

2
2

2
2

.6

2
2

2
0

2
0

7
.7

1
9

8
.7

6
.4 8 9
.2

2
0

1
4

1
5

1
4

.1

8
.8 8

Early Action Area
c

Dredged area
d

Navigation channel

River mile

! Subsurface sediment core

SQS/CSL categories for arsenic
concentration (mg/kg dw) in
surface sediment

a

SQS = 57
CSL = 93
!( > CSL, detect
!( > SQS and ≤ CSL, detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

Interpolated arsenic
concentration (mg/kg dw)
in surface sediment

b

95
th
 percentile = 25

75
th
 percentile = 14

50
th
 percentile = 11

25
th
 percentile = 8.6

> 25
> 14 and ≤ 25
> 11 and ≤ 14
> 8.6and ≤ 11
≤ 8.6

Non-detect
Not analyzed

±
0 1,000 2,000

Feet

0 225 450
Meters



!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!? !?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?

!?
!?

!?

Slip 6

Upper Turning
Basin

Slip 4

Slip 3

Slip 2

Slip 1

Harbor I.

T1

T2

T4

T3

C9

C8

C5

C4

C1

B9b

B8b

B7b

B7a

B6b

B5b

B4b

B3a

B2b

B2a

B1b

C7-2

C3-2

C2-2

B10b

B10a

B5a-2

C10-2

C10-1

B8a

C7-1

B6a
C6

C3-1

B3b

C2-1

B4a

B1a

B9a

4.0

M
o

di
fie

d
 b

y 
Z

a
ch

ar
ia

h
 fr

o
m

 G
IS

 M
a

p 
27

4
8

 | 
Ju

n
e

 3
0

, 2
0

0
9 

| M
a

p
 4

-3
5

 (
2

74
8

).
xa

r

Co‐located clam and sediment samples (2004)

0

5

10

15

20

C
1

C
2
‐1

C
2
‐2

C
3
‐1

C
3
‐2 C
4

C
5

C
6

C
7
‐1

C
7
‐2 C
8

C
9

C
1
0
‐1

C
1
0
‐2

Location Name

*

49

*
*

* *
*

A
rs
e
n
ic
 c
o
n
c.
 (
m
g/
kg
)

Co‐located benthic invertebrate & sediment samples

0

5

10

15

20

B
1
a

B
1
b

B
2
a

B
2
b

B
3
a

B
3
b

B
4
a

B
4
b

B
5
a‐
2

B
5
b

B
6
a

B
6
b

B
7
a

B
7
b

B
8
a

B
8
b

B
9
a

B
9
b

B
1
0a

B
1
0b

Location name

725

*

46.5

* * * *

*

* * * * *
*

*
*

* * * * * *A
rs
e
n
ic
 c
o
n
c.
 (
m
g
/k
g
)

Area T4 (2004)

0

1

2

3

4

5

6

7

D
C
 ‐ 
EM

D
C
 ‐ 
H
P

D
C
 ‐ 
W
B

SC
 ‐ 
EM

SC
 ‐ 
H
P

SC
  ‐
 W

B

ES
 ‐ 
FL

ES
 ‐ 
W
B

P
S 
‐ W

B

SS
‐ W

B

SWAC = 10 mg/kg dw

n
o
 d
at
a

*

*

*

*n
o
 d
at
a

n
o
 d
at
a

Species and tissue typesM
ea
n
 a
rs
e
n
ic
 c
o
n
ce
n
tr
at
io
n
 (
m
g
/k
g 
d
w
)

Area T3 (2004)

0

1

2

3

4

5

6

7

D
C
 ‐ 
EM

D
C
 ‐ 
H
P

D
C
 ‐ 
W
B

SC
 ‐ 
EM

SC
 ‐ 
H
P

SC
  ‐
 W

B

ES
 ‐ 
FL

ES
 ‐ 
W
B

P
S 
‐ W

B

SS
‐ W

B

SWAC = 9.2 mg/kg dw

*

Species and tissue typesM
ea
n
 a
rs
e
n
ic
 c
o
n
ce
n
tr
at
io
n
 (
m
g
/k
g 
d
w
)

Area T2 (2004)

0

1

2

3

4

5

6

7

D
C
 ‐ 
EM

D
C
 ‐ 
H
P

D
C
 ‐ 
W
B

SC
 ‐ 
EM

SC
 ‐ 
H
P

SC
  ‐
 W

B

ES
 ‐ 
FL

ES
 ‐ 
W
B

P
S 
‐ W

B

SS
‐ W

B

SWAC = 12 mg/kg dw

*

n
o
 d
at
a

n
o
 d
at
a

n
o
 d
at
a

Species and tissue typesM
ea
n
 a
rs
e
n
ic
 c
o
n
ce
n
tr
at
io
n
 (
m
g
/k
g 
d
w
)

Area T1 (2004)

0

1

2

3

4

5

6

7

D
C
 ‐ 
EM

D
C
 ‐ 
H
P

D
C
 ‐ 
W
B

SC
 ‐ 
EM

SC
 ‐ 
H
P

SC
  ‐
 W

B

ES
 ‐ 
FL

ES
 ‐ 
W
B

P
S 
‐ W

B

SS
‐ W

B

SWAC = 16 mg/kg dw

*

Species and tissue typesM
ea
n
 a
rs
e
n
ic
 c
o
n
ce
n
tr
at
io
n
 (
m
g
/k
g 
d
w
)

Location Name

0

10

20

30

A
rs
e
n
ic
 c
o
n
ce
n
tr
a
ti
o
n
 (
m
g/
kg
)

Co‐located clam and sediment samples (2007)

C
1

C
2
‐1

C
2
‐2

C
3
‐1

C
3
‐2 C
4

C
5

C
6

C
7

C
8

C
9

C
1
0
‐1

C
1
0
‐2

C
1
1

C
1
2

172 37.5

67.6

Note: Clam and benthic invertebrate tissue concentrations are in wet weight and 
sediment concentrations are in dry weight. Depurated clam samples were also 
analyzed for arsenic in 2007 but are not shown on this figure.

DC ‐ Dungeness crab
SC ‐ Slender crab
ES ‐ English sole
PS ‐ Pacific staghorn sculpin
SS ‐ Shiner surfperch
EM ‐ Edible meat

FL ‐ Fillet with skin
HP ‐ Hepatopancreas
WB ‐ Whole body

Total arsenic concentration
in co‐located sediment

Graph Legend

Total arsenic concentration
in tissue (inorganic arsenic
concentration is shown
in black)

Acronyms for species
and tissue type

* Sample not analyzed
   for inorganic arsenic

Interpolated arsenic concentration (mg/kg dw) in
surface sediment a,b

> 25

> 14 and   25

> 11 and   14

> 8.6 and   11

 8.6

!?
Co‐located benthic invertebrate 
and sediment sampling location (2004)

!?
Co‐located softshell clam and
sediment sampling location (2004)

Tissue sampling area

Navigation channel

River mile

a 
Percentiles were calculated on an area basis as the concentration 
at which a particular percentage of the LDW area has interpolated 
values less than or equal to that concentration (e.g., the 95th 
percentile is the concentration at which 95% of the LDW area has 
interpolated values   25 mg/kg dw). Interpolated concentrations 
were calculated including locations with non‐detected values. For 
locations with non‐detects, a value of one‐half the RL at that 
location was used.

95th percentile = 25
75th percentile = 14
50th percentile = 11
25th percentile = 8.6

Map Legend

SWAC ‐ spatially weighted average concentration

b 
For the Duwamish/Diagonal early action area, surface sediment data in 
the baseline dataset represent samples collected before dredging, 
capping, or thin‐layer placement in 2003 to 2005. For the Norfolk early 
action area, surface sediment data represent samples collected after 
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.

Co‐located softshell clam and
sediment sampling location (2007)
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0 0.25 0.5

Map 4‐35. Total and inorganic arsenic concentrations in 
composite tissue samples and the IDW interpolation of 
total arsenic concentrations in surface sediment
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dissolved metals concentrations that were
greater than acute water quality standards
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9 EOF/storm drain
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storm drain
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9 Private storm drain
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9 Public storm drain

k
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9
Pipe of unresolved
origin and/or use

XW� Abandoned

XW� Not an outfall

GF
Stream, channel,
or swale

Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-37. cPAH concentrations in surface
sediment

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

Carcinogenic PAH concentration
(µg/kg dw)

a

!( > 1,500
!( > 540 and ≤ 1,500
!( > 260 and ≤ 540
!( > 100 and ≤ 260
!( ≤ 100
$+ Non-detect

Early Action Area
b

Dredged and capped area
c

Thin-layer placement
c

Navigation channel

River mile

LLCWindWard
environmental

a
 Percentiles were calculated on a numerical basis using both detected

and non-detected values from the baseline surface sediment dataset.
cPAH concentrations are based on benzo(a)pyrene equivalents. TEQs
were calculated with mammalian PEFs for seven individual PAH
compounds (California EPA 1994), using one-half the RL for undetected
compounds.
a
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c
 For the Duwamish/Diagonal Early Action Area, surface sediment data

in the baseline dataset represent samples collected before dredging,
capping, or thin-layer capping in 2003 to 2005. For the Norfolk Early
Action Area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and
before sediment removal and capping at the Boeing Developmental
Center south storm drain in 2003.
d
 Outfalls shown were identified during a City of Seattle low-tide survey

in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

95th percentile = 1,500
75th percentile = 540
50th percentile = 260
25th percentile = 100
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Map 4-38. IDW interpolation of cPAH
concentrations in surface sediment

Scale is the same for each inset map
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Carcinogenic PAH concentration (µg/kg dw)
a

> 1,100

> 460 and ≤ 1,100

> 260 and ≤ 460

> 130 and ≤ 260

≤ 130

Early Action Area
b

Navigation channel

River mile

a Percentiles were calculated on an area basis as the concentration at
which a particular percentage of the LDW area has interpolated values
less than or equal to that concentration (e.g., the 95th percentile is the
concentration at which 95% of the LDW area has interpolated concen-
trations ≤ 1,100 µg/kg dw). Interpolated concentrations were calculated
including locations with non-detected values. cPAH concentrations are
based on benzo(a)pyrene equivalents. TEQs were calculated with
mammalian PEFs for seven individual PAH compounds (California EPA
1994), using one-half the RL for undetected compounds.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2. For the Duwamish/Diagonal Early Action
Area, surface sediment data in the baseline dataset represent samples
collected before dredging, capping, or thin-layer capping in 2003 to
2005. For the Norfolk Early Action Area, surface sediment data
represent samples collected after dredging and capping at the Norfolk
CSO removal area in 1999 and before sediment removal and capping
at the Boeing Developmental Center south storm drain in 2003.

95th percentile = 1,100
75th percentile = 460
50th percentile = 260
25th percentile = 130
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detected and non-detected values from the baseline surface
sediment dataset. cPAH concentrations are based on benzo(a)-
pyrene equivalents. TEQs were calculated with mammalian PEFs
for seven individual PAH compounds (California EPA 1994), using
one-half the RL for undetected compounds.
b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.
c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.
d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.
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Map 4-40b. cPAH concentrations in
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cPAH concentration
(µg/kg dw)a

�) > 1,500

�) > 540 and ≤ 1,500

�) > 260 and ≤ 540

�) > 100 and ≤ 260

�) ≤ 100

�) Non-detect

a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. cPAH concentrations are based on benzo(a)-
pyrene equivalents. TEQs were calculated with mammalian PEFs
for seven individual PAH compounds (California EPA 1994), using
one-half the RL for undetected compounds.

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.
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Dredging information provided by AECOM.
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Map 4-40c. cPAH concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 3.7 to RM 6.0

Scale is the same for each map frame
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for cPAH, but not in the illustrated sampling 
intervals
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locations with 0-to-2-ft 
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cPAH concentration
(µg/kg dw)a

�) > 1,500

�) > 540 and ≤ 1,500

�) > 260 and ≤ 540

�) > 100 and ≤ 260

�) ≤ 100

�) Non-detect

a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. cPAH concentrations are based on benzo(a)-
pyrene equivalents. TEQs were calculated with mammalian PEFs
for seven individual PAH compounds (California EPA 1994), using
one-half the RL for undetected compounds.

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

95th percentile = 1,500
75th percentile = 540
50th percentile = 260
25th percentile = 100

Dredging information provided by AECOM.
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Map 4-41a. cPAH concentrations in surface
sediment and subsurface sediment cores,
RM 0.0 to RM 1.0
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environmental
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Interpolated cPAH concentrations (µg/kg dw) in surface sediments

cPAH concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core

!(

cPAH surface sediment
sampling location
Early action area

a

Dredged area
b

River mile
Navigation channel

Interpolated cPAH
concentration (µg/kg dw)
in surface sediment

c

95
th
 percentile = 1,100

75
th
 percentile = 460

50
th
 percentile = 260

25
th
 percentile = 130

> 1,100
> 460 and ≤ 1,100
> 260 and ≤ 460
> 130 and ≤ 260
≤ 130
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. Subsurface sediment data in
dredged areas were collected prior to dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 1,100 µg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. TEQs were calculated with mammalian PEFs for seven individual PAH compounds (California EPA 1994), using one-half the RL for undetected compounds. Interpolated
surface does not show non-detects.
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Locations in the
navigation channel

Locations east of the
navigation channel

Locations in the Duwamish/Diagonal
Early Action Area

S
U

R
FA

C
E

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

L
D

W
-S

C
5

 (R
M

 0
.2

)

L
D

W
-S

C
6

 (R
M

 0
.3

)

D
R

0
6

8
 (R

M
 0

.3
)

L
D

W
-S

C
1

1
 (R

M
 0

.5
)

L
D

W
-S

C
1

2
 (R

M
 0

.6
)

D
R

0
4

4
 (R

M
 0

.6
)

L
D

W
-S

C
1

9
 (R

M
 1

)

8
8

0
1

,9
0

0
3

3
0

5
6

0
4

9
0

4
8

5
9

0

4
,4

0
0

9
 U

9
 U

9
 U

2
9

0
1

9
0

6
1

1
4

0

4
8

0
5

8
0

3
1

0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

L
D

W
-S

C
8

 (R
M

 0
.4

)

L
D

W
-S

C
9

 (R
M

 0
.5

)

L
D

W
-S

C
1

4
 (R

M
 0

.9
)

5
4

0
5

4
0

2
5

0
3

2
0

3
0

0
2

9
0

1
9

0
2

3
0

5
2

3
3

0
1

1
0

1
4

0
1

9
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

L
D

W
-S

C
1

 (R
M

 0
)

L
D

W
-S

C
2

 (R
M

 0
.1

)

L
D

W
-S

C
3

 (R
M

 0
.2

)

L
D

W
-S

C
4

 (R
M

 0
.2

)

L
D

W
-S

C
7

 (R
M

 0
.4

)

D
U

D
2

5
0

 (R
M

 0
.4

)

L
D

W
-S

C
1

0
 (R

M
 0

.5
)

D
U

D
2

5
8

 (R
M

 0
.5

)

D
U

D
2

0
6

 (R
M

 0
.6

)

L
D

W
-S

C
1

3
 (R

M
 0

.9
)

L
D

W
-S

C
1

5
 (R

M
 0

.9
)

D
R

0
2

1
 (R

M
 0

.9
)

L
D

W
-S

C
1

6
 (R

M
 1

)

L
D

W
-S

C
1

7
 (R

M
 1

)

6
2

0
3

5
0

4
2

0
4

7
0

7
5

6
9

1
1

0
2

4
 U

2
4

 U

9
 U

9
 U

3
0

0
3

6
0

7
0

4
2

0
6

7
9

 U

3
3

0

2
1

0
5

7
0

8
2

0
7

5

1
,6

0
0

3
8

5
4

0
1

,2
0

0

5
1

0
4

3
0

5
5

0

6
9

0
7

6
0

6
6

0
3

8
0

1
,3

0
0

1
3

0

1
,8

0
0

2
,0

0
0

1
,4

0
0

2
,4

0
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

D
U

D
2

5
1

 (R
M

 0
.4

)

D
U

D
2

5
2

 (R
M

 0
.4

)

D
U

D
2

5
4

 (R
M

 0
.5

)

D
U

D
2

5
3

 (R
M

 0
.5

)

D
U

D
0

2
0

 (R
M

 0
.5

)

D
U

D
0

0
6

 (R
M

 0
.5

)

D
R

0
0

8
 (R

M
 0

.5
)

D
U

D
2

5
6

 (R
M

 0
.5

)

D
U

D
2

5
5

 (R
M

 0
.5

)

D
U

D
2

5
7

 (R
M

 0
.5

)

D
U

D
2

6
0

 (R
M

 0
.6

)

D
U

D
0

2
7

 (R
M

 0
.6

)

D
U

D
2

6
2

 (R
M

 0
.6

)

D
U

D
2

6
1

 (R
M

 0
.6

)

7
5

0
1

8
 U

J

3
5

1
7

 U
J

1
,0

0
0

1
,6

0
0

1
2

0

9
4

0
3

8
0

4
6

3
2

5
8

1
0

3
3

0
0

4
5

5

1
2

0
9

0
1

0
9

1
9

6
3

2
0

4
8

1
6

4
0

1
,7

0
0

6
1

0

1
,4

0
0

2
5

0

4
5

0
7

1
0

1
9

0

4
5

0
1

9
 U

J

6
9

0
1

2
6

1
0

9

2
6

0
8

9

5
4

0
7

8
0

D
U

D
0

2
0

D
U

D
0

0
6

D
R

0
0

8

D
U

D
0

2
7

3
9

1

3
6

9

1
,7

0
0

8
6

0

LD
W

-S
S

1
6

D
R

0
6

8

D
R

0
4

4

D
R

0
4

4

4
9

0

5
5

0

1
,6

0
0

1
,6

0
0

D
U

D
_

8
C

LD
W

-S
S

B
2

b

2
8

0

2
6

0

ii

i

i

i

i

i

ii

i

i i

i

Dredging information provided by AECOM.

LD
W

-S
S

6

D
U

D
0

4
3

D
U

D
2

0
6

LD
W

-S
S

3
1

9

LD
W

-S
S

3
2

0

LD
W

-S
S

3
1

1
4

0

1
,0

1
0

1
8

 U
J

5
6

0

6
3

0

6
0

0

D
e

p
th

 b
e

lo
w

 m
u

d
lin

e
 (ft)

Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.

S
U

B
S

U
R

FA
C

E



!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(
!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!( !(!(

!(
!(

!(

!(

!(

!(

!(

!( !(

!(

!(!(
!( !(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!
! !

!
!

!
! ! !

!

!

!

!

!

!

!

! !
! !

!!
!

!

!

!

! ! ! !

!
!

! !

! !

!

!

!

!

!
! !

!
!!

!

!

!

!

!

!

!
!

!

!

!

!

!
!

!

!

!

!

!

!

!!

!

!

!

!

Slip 1
Slip 2

Slip 3

A
2
B
2b
c-3

3
3
C

c-2

4
4
D

5
5.2
c-1
E

LDW-SC31

SCDMMU1

LDW-SC18

1 .
1

2.1

1.
9

1 .
8

1 .
7

1.
6

1 .
5

1 .
4

1.
31 .
2

2.0

C3
C2

A1

B2

B1 S9
S8

S7

S6

S5
S4

S3

S2
S1

S12
S11

S10

C-1

DR112

DR106

DR101

DR054

DR025

SCDMMU3

SCDMMU2

LDW-SC39

LDW-SC37

LDW-SC36

LDW-SC35

LDW-SC34

LDW-SC33

LDW-SC32

LDW-SC29

LDW-SC28

LDW-SC27

LDW-SC26LDW-SC25LDW-SC24

LDW-SC23
LDW-SC22

LDW-SC21

LDW-SC20

LDW-SC202

LDW-SC201
LDW-SC38b
LDW-SC38a1c-4

LDW-SC30

LDW-SC203

P
re

pa
re

d 
by

 C
E

H
, 0

7/
15

/2
01

0;
 M

A
P

 2
99

4;
 W

:\P
ro

je
ct

s\
00

-0
8-

06
_D

uw
am

is
h_

R
I\d

at
a\

gi
s\

P
ha

se
2 

R
I\N

at
ur

e 
an

d 
E

xt
en

t\S
ub

su
rf

ac
e\

B
ar

 c
ha

rt
s

±

Map 4-41b. cPAH concentrations in surface
sediment and subsurface sediment cores,
RM 1.0 to RM 2.2

LLCWindWard
environmental

0 250 500
Feet

0 50 100
Meters

Interpolated cPAH concentrations (µg/kg dw) in surface sediments

cPAH concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core

!(

cPAH surface sediment
sampling location
Dredged area

a

River mile
Navigation channel

Interpolated cPAH
concentration (µg/kg dw)
in surface sediment

b

95
th
 percentile = 1,100

75
th
 percentile = 460

50
th
 percentile = 260

25
th
 percentile = 130

> 1,100
> 460 and ≤ 1,100
> 260 and ≤ 460
> 130 and ≤ 260
≤ 130
Non-detect
Not analyzed

a Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 1,100 µg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. TEQs were calculated with mammalian PEFs for seven individual PAH compounds (California EPA 1994), using one-half the RL for undetected compounds. Interpolated
surface does not show non-detects.
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navigation channel

Locations in the
navigation channel
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.
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Map 4-41c. cPAH concentrations in surface
sediment and subsurface sediment cores,
RM 2.2 to RM 3.0

LLCWindWard
environmental

0 250 500
Feet

0 50 100
Meters

Interpolated cPAH concentrations (µg/kg dw) in surface sediments

cPAH concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core

!(

cPAH surface sediment
sampling location
Early action area

a

Dredged area
b

River mile
Navigation channel

Interpolated cPAH
concentration (µg/kg dw)
in surface sediment

c

95
th
 percentile = 1,100

75
th
 percentile = 460

50
th
 percentile = 260

25
th
 percentile = 130

> 1,100
> 460 and ≤ 1,100
> 260 and ≤ 460
> 130 and ≤ 260
≤ 130
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 1,100 µg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. TEQs were calculated with mammalian PEFs for seven individual PAH compounds (California EPA 1994), using one-half the RL for undetected compounds. Interpolated
surface does not show non-detects.
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navigation channel

Locations in the
navigation channel

Locations east of the
navigation channel
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.
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Map 4-41d. cPAH concentrations in surface
sediment and subsurface sediment cores,
RM 3.0 to RM 4.0

LLCWindWard
environmental

0 250 500
Feet

0 50 100
Meters

Interpolated cPAH concentrations (µg/kg dw) in surface sediments

cPAH concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core

!(

cPAH surface sediment
sampling location
Early action area

a

Dredged area
b

River mile
Navigation channel

Interpolated cPAH
concentration (µg/kg dw)
in surface sediment

c

95
th
 percentile = 1,100

75
th
 percentile = 460

50
th
 percentile = 260

25
th
 percentile = 130

> 1,100
> 460 and ≤ 1,100
> 260 and ≤ 460
> 130 and ≤ 260
≤ 130
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 1,100 µg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. TEQs were calculated with mammalian PEFs for seven individual PAH compounds (California EPA 1994), using one-half the RL for undetected compounds. Interpolated
surface does not show non-detects.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.

Core recovered to a depth of 100 ft
but not analyzed for cPAHs below 10 ft.

Core recovered to a depth of 100 ft
but not analyzed for cPAHs below 10 ft.
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Map 4-41e. cPAH concentrations in surface
sediment and subsurface sediment cores,
RM 4.0 to RM 5.0

LLCWindWard
environmental

0 250 500
Feet

0 50 100
Meters

Interpolated cPAH concentrations (µg/kg dw) in surface sediments

cPAH concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core

!(

cPAH surface sediment
sampling location
Early action area

a

Dredged area
b

River mile
Navigation channel

Interpolated cPAH
concentration (µg/kg dw)
in surface sediment

c

95
th
 percentile = 1,100

75
th
 percentile = 460

50
th
 percentile = 260

25
th
 percentile = 130

> 1,100
> 460 and ≤ 1,100
> 260 and ≤ 460
> 130 and ≤ 260
≤ 130
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b For the Norfolk Early Action Area, surface sediment data represent samples collected after dredging and capping at the Norfolk CSO/SD removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003. Subsurface sediment data at locations in dredged areas were collected prior to dredging.
c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 1,100 µg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. TEQs were calculated with mammalian PEFs for seven individual PAH compounds (California EPA 1994), using one-half the RL for undetected compounds. Interpolated
surface does not show non-detects.
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Dredging information provided by AECOM.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the IDW concentration at the core location.
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ii At the Norfolk EAA, surface sediment data, which were collected
after the removal action at the Norfolk CSO area in 1999 but before
the removal action at the BDC south storm drain outfall area in
2003, do not reflect conditions at the time subsurface cores were
collected in 1995.
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Map 4-42a. Comparison of cPAH
concentrations in subsurface cores to
co-located surface sediment locations, RM 0.0
to RM 2.5LLCWindWard

environmental

a Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 1,100 µg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. TEQs were calculated with mammalian PEFs for seven individual PAH compounds (California EPA 1994), using one-half the RL for undetected compounds. Interpolated
surface does not show non-detects.
b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
c For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. Subsurface sediment data in
dredged areas were collected prior to dredging.

Dredging information provided by AECOM.
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Map 4-42b. Comparison of cPAH
concentrations in subsurface cores to
co-located surface sediment locations, RM 2.5
to RM 5.0LLCWindWard

environmental

cPAH concentrations (µg/kg dw) in surface sediments, subsurface core data, and co-located (within 10 ft) surface
sediment data

a Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has
interpolated values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 1,100 µg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. TEQs were calculated with mammalian PEFs for seven individual PAH compounds (California EPA 1994), using one-half the RL for undetected compounds. Interpolated
surface does not show non-detects.
b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
c For the Norfolk Early Action Area, surface sediment data represent samples collected after dredging and capping at the Norfolk CSO removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003. Subsurface sediment data in dredged areas were collected prior to dredging.
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Percentiles were calculated on an area basis as the concentration at which a particular 
percentage of the LDW area has interpolated values less than or equal to that concentration 
(e.g., the 95th percentile is the concentration at which 95% of the LDW area has 
interpolated values   1,100 µg/kg dw). Interpolated concentrations were calculated 
including locations with non‐detected values. TEQs were calculated with mammalian PEFs 
for seven individual PAH compounds (California EPA 1994), using one‐half the RL for 
undetected compounds.

Note: Results for Pacific staghorn sculpin 
and English sole fillet without skin are not 
presented because of the low detection 
frequency and high reporting limits (see 
Section 4.2.3.4).
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For the Duwamish/Diagonal early action area, surface sediment data in the baseline dataset 
represent samples collected before dredging, capping, or thin‐layer placement in 2003 to 
2005. For the Norfolk early action area, surface sediment data represent samples collected 
after dredging and capping at the Norfolk CSO removal area in 1999 and before sediment 
removal and capping at the Boeing Developmental Center south storm drain in 2003.

*

Note: Clam and benthic invertebrate tissue concentrations are in wet weight and 
sediment concentrations are in dry weight. Depurated clam samples were also 
analyzed for cPAHs in 2007 but are not shown on this figure.
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Map 4-44. BEHP concentrations in surface
sediment

Scale is the same for each inset map

0 0.1 0.2
Miles
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Kilometers

a Percentiles were calculated on a numerical basis using both detected and
non-detected values from the baseline surface sediment dataset. For
locations with non-detects, a value of one-half the RL at that location was
used. When OC-normalization was not appropriate because TOC content
was < 0.5% or > 4.0%, dry weight concentrations for these locations are
compared instead to the LAET and 2LAET.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c For the Duwamish/Diagonal Early Action Area, surface sediment data in
the baseline dataset represent samples collected before dredging, capping,
or thin-layer capping in 2003 to 2005. For the Norfolk Early Action Area,
surface sediment data represent samples collected after dredging and
capping at the Norfolk CSO removal area in 1999 and before sediment
removal and capping at the Boeing Developmental Center south storm
drain in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey in
2003 (Herrera 2004). Some locations were initially identified using drainage
maps from Ecology’s National Pollutant Discharge Elimination System
(NPDES) permit files and other relevant agency databases. These locations
were later surveyed in the field. Review of agency files and interviews with
agency and Lower Duwamish Waterway Group (LDWG) personnel provided 
additional outfall-specific information. Some locations were field-verified by
LDWG members; some additional outfall locations were identified during
these subsequent verifications. The outfall layer is meant to serve as a
snapshot of outfall conditions at the time the survey was completed (2003).
More recent information, when available, is reflected in the outfall
discussions in Appendix I.
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Map 4-46a. BEHP concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
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Map 4-46b. BEHP concentrations in
subsurface sediment within the 0-to-2-ft,
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4-to-6-ft sampling intervals

BEHP concentration
(µg/kg dw)a

�) > 2,400

�) > 490 and ≤ 2,400

�) > 230 and ≤ 490

�) > 95 and ≤ 230

�) ≤ 95

�) Non-detect

a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. For locations with non-detects, a value of one-
half the RL at that location was used.

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

95th percentile = 2,400
75th percentile = 490
50th percentile = 230
25th percentile = 95

Dredging information provided by AECOM.
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Map 4-46c. BEHP concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 3.7 to RM 6.0

Scale is the same for each map frame
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�) > 2,400

�) > 490 and ≤ 2,400

�) > 230 and ≤ 490

�) > 95 and ≤ 230

�) ≤ 95

�) Non-detect

a Percentiles were calculated on a numerical basis using both
detected and non-detected values from the baseline surface
sediment dataset. For locations with non-detects, a value of one-
half the RL at that location was used.

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

95th percentile = 2,400
75th percentile = 490
50th percentile = 230
25th percentile = 95

Dredging information provided by AECOM.
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Map 4-47a. BEHP concentrations in surface
sediment and subsurface sediment cores,
RM 0.0 to RM 1.0
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BEHP concentrations (µg/kg dw) in surface sediments using Thiessen polygons

BEHP concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for BEHP
concentration (mg/kg OC) in
surface sediment
SQS = 47
CSL = 78

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

BEHP concentration (µg/kg dw)
a

95
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 percentile = 990

75
th
 percentile = 440

50
th
 percentile = 200

25
th
 percentile = 84
> 990
> 440 and ≤ 990
> 200 and ≤ 440
> 84 and ≤ 200
≤ 84
Non-detect
Not analyzed

a Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has Thiessen
polygon values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has Thiessen polygon concentrations ≤ 990 µg/kg dw). Thiessen polygon concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
c For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. Subsurface sediment data in
dredged areas were collected prior to dredging.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the Thiessen polygon concentration at the core location.
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Map 4-47b. BEHP concentrations in surface
sediment and subsurface sediment cores,
RM 1.0 to RM 2.2

LLCWindWard
environmental
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Feet

0 50 100
Meters

BEHP concentrations (µg/kg dw) in surface sediments using Thiessen polygons

BEHP concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for BEHP
concentration (mg/kg OC) in
surface sediment
SQS = 47
CSL = 78

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

BEHP concentration (µg/kg dw)
a

95
th
 percentile = 990

75
th
 percentile = 440

50
th
 percentile = 200

25
th
 percentile = 84
> 990
> 440 and ≤ 990
> 200 and ≤ 440
> 84 and ≤ 200
≤ 84
Non-detect
Not analyzed

a Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has Thiessen
polygon values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has Thiessen polygon concentrations ≤ 990 µg/kg dw). Thiessen polygon concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the Thiessen polygon concentration at the core location.
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Map 4-47c. BEHP concentrations in surface
sediment and subsurface sediment cores,
RM 2.2 to RM 3.0

LLCWindWard
environmental

BEHP concentrations (µg/kg dw) in surface sediments using Thiessen polygons

BEHP concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for BEHP concentration
(mg/kg OC) in surface sediment
SQS = 47
CSL = 78
!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

BEHP concentration (µg/kg dw)
c

95
th
 percentile = 990

75
th
 percentile = 440

50
th
 percentile = 200

25
th
 percentile = 84
> 990
> 440 and ≤ 990
> 200 and ≤ 440
> 84 and ≤ 200
≤ 84
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.

b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.

c Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has Thiessen
polygon values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has Thiessen polygon concentrations ≤ 990 µg/kg dw). Thiessen polygon concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
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Map 4-47d. BEHP concentrations in surface
sediment and subsurface sediment cores,
RM 3.0 to RM 4.0

LLCWindWard
environmental
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Feet

0 50 100
Meters

BEHP concentrations (µg/kg dw) in surface sediments using Thiessen polygons

BEHP concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for BEHP
concentration (mg/kg OC) in
surface sediment
SQS = 47
CSL = 78
!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

BEHP concentration (µg/kg dw)
c

95
th
 percentile = 990

75
th
 percentile = 440

50
th
 percentile = 200

25
th
 percentile = 84
> 990
> 440 and ≤ 990
> 200 and ≤ 440
> 84 and ≤ 200
≤ 84
Non-detect
Not analyzed

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b Subsurface sediment data at locations in dredged areas were collected prior to dredging; surface sediment data were collected after dredging.
c Interpolated concentrations are based on data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has Thiessen
polygon values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has Thiessen polygon concentrations ≤ 990 µg/kg dw). Thiessen polygon concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
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Map 4-47e. BEHP concentrations in surface
sediment and subsurface sediment cores,
RM 4.0 to RM 5.0

LLCWindWard
environmental

0 250 500
Feet

0 50 100
Meters

BEHP concentrations (µg/kg dw) in surface sediments using Thiessen polygons

BEHP concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i

! Subsurface sediment core
SQS/CSL categories for BEHP
concentration (mg/kg OC) in
surface sediment
SQS = 47
CSL = 78

!( > CSL, detect
!( > SQS and ≤ CSL, detect
�) > CSL, non-detect
�) > SQS and ≤ CSL, non-detect
!( ≤ SQS, detect
�) ≤ SQS, non-detect

BEHP concentration (µg/kg dw)
a

95
th
 percentile = 990

75
th
 percentile = 440

50
th
 percentile = 200

25
th
 percentile = 84
> 990
> 440 and ≤ 990
> 200 and ≤ 440
> 84 and ≤ 200
≤ 84
Non-detect
Not analyzed

a Interpolated concentrations are based on data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has Thiessen
polygon values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has Thiessen polygon concentrations ≤ 990 µg/kg dw). Thiessen polygon concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
b Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
c For the Norfolk Early Action Area, surface sediment data represent samples collected after dredging and capping at the Norfolk CSO/SD removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003. Subsurface sediment data at locations in dredged areas were collected prior to dredging.
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the Thiessen polygon concentration at the core location.

iiiiii

ii At the Norfolk EAA, surface sediment data, which were collected
after the removal action at the Norfolk CSO area in 1999 but before
the removal action at the BDC south storm drain outfall area in
2003, do not reflect conditions at the time subsurface cores were
collected in 1995.



P
re

pa
re

d 
by

 C
E

H
, 0

7/
15

/2
01

0;
 M

A
P

 3
79

7;
 W

:\P
ro

je
ct

s\
00

-0
8-

06
_D

uw
am

is
h_

R
I\d

at
a\

G
IS

\P
ha

se
2 

R
I\N

at
ur

e 
an

d 
E

xt
en

t\S
ub

su
rf

ac
e\

C
ol

oc
at

io
n

Map 4-48a. Comparison of BEHP
concentrations in subsurface cores to
co-located surface sediment locations, RM 0.0
to RM 2.5LLCWindWard

environmental

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.
b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has Thiessen
polygon values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has Thiessen polygon concentrations ≤ 990 µg/kg dw). Thiessen polygon concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
c Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
d For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. Subsurface sediment data in
dredged areas were collected prior to dredging.

Dredging information provided by AECOM.
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Map 4-48b. Comparison of BEHP
concentrations in subsurface cores to
co-located surface sediment locations, RM 2.5
to RM 5.0LLCWindWard

environmental

BEHP concentrations (µg/kg dw) in surface sediments, subsurface core data, and co-located (within 10 ft) surface
sediment data

a When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations were compared instead to the LAET and 2LAET.
b Interpolated concentrations are based on the data from the baseline surface sediment dataset. Percentiles were calculated on an area basis as the concentration at which a particular percentage of the LDW area has Thiessen
polygon values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has Thiessen polygon concentrations ≤ 990 µg/kg dw). Thiessen polygon concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.
c Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
d For the Norfolk Early Action Area, surface sediment data represent samples collected after dredging and capping at the Norfolk CSO removal area in 1999 and before sediment removal and capping at the Boeing
Developmental Center south storm drain in 2003. Subsurface sediment data in dredged areas were collected prior to dredging.
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Map 4-49. Dioxin and furan TEQs in surface
sediment and subsurface sediment cores

Scale is the same for each inset map
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Dioxin and furan TEQ
(ng/kg dw)
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a TEQs were calculated with mammalian TEFs for individual dioxin and
furan congeners (Van den Berg et al. 2006), using one-half the reporting
limit for undetected congeners. Percentiles were calculated on a numer-
ical basis using all values from the baseline surface sediment, dataset.
Seven samples shown on this map were not included in the RI baseline
dataset for reasons discussed in Section 4.2.7.1. The samples were
collected at RM 0.4 (0.878 and 24.2 ng/kg dw), RM 0.5 (21.1 ng/kg dw),
RM 0.9 (13 ng/kg dw), RM 1.4 (4.3 ng/kg dw), RM 3.8 (11 ng/kg dw) and
RM 4.1 (3.1 ng/kg dw).
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental
Center south storm drain in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-50. Cadmium concentrations in
surface sediment

Scale is the same for each inset map
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Kilometers

Cadmium concentration
(mg/kg dw)

a

!( > 1.8
!( > 0.66 and ≤ 1.8
!( > 0.39 and ≤ 0.66
!( > 0.20 and ≤ 0.39
!( ≤ 0.20
$ Non-detect
�) > CSL
#* > SQS and ≤ CSL
!( ≤ SQS

Early Action Area
b

Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

LLCWindWard
environmental

95th percentile = 1.8
75th percentile = 0.66
50th percentile = 0.39
25th percentile = 0.20
CSL = 6.7
SQS = 5.1
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Map 4-51. Chromium concentrations in
surface sediment

Scale is the same for each inset map
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�) > CSL
#* > SQS and ≤ CSL
!( ≤ SQS

Early Action Area
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Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

a
 Percentiles were calculated on a numerical basis using both detected

and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c
 For the Duwamish/Diagonal early action area, surface sediment data 

in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d
 Outfalls shown were identified during a City of Seattle low-tide survey

in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-52. Copper concentrations in surface
sediment

Scale is the same for each inset map
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a
 Percentiles were calculated on a numerical basis using both detected

and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c
 For the Duwamish/Diagonal early action area, surface sediment data 

in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d
 Outfalls shown were identified during a City of Seattle low-tide survey

in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

95th percentile =150
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Map 4-53. Lead concentrations in surface
sediment

Scale is the same for each inset map
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Thin-layer placement
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a
 Percentiles were calculated on a numerical basis using both detected

and non-detected values from the baseline surface sediment dataset. For
locations with non-detects, a value of one-half the RL at that location was
used.  One sample within the Boeing Plant 2/Jorgensen Forge EAA had a
lead concentration (1,300 mg/kg dw) greater than the CSL. However,
according to data management rules (Section 4.1.2.1), data for this
location were replaced with data from a more recent sample (SD-343) that
was collected within 10 ft of the original location, but was not analyzed for
lead.
b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is presented
in Section 9.2.2.
c
 For the Duwamish/Diagonal early action area, surface sediment data in

the baseline dataset represent samples collected before dredging, capping,
or thin-layer placement in 2003 to 2005. For the Norfolk early action area,
surface sediment data represent samples collected after dredging and
capping at the Norfolk CSO removal area in 1999 and before sediment
removal and capping at the Boeing Developmental Center south storm
drain in 2003.
d
 Outfalls shown were identified during a City of Seattle low-tide survey in

2003 (Herrera 2004). Some locations were initially identified using drainage
maps from Ecology’s National Pollutant Discharge Elimination System
(NPDES) permit files and other relevant agency databases. These locations
were later surveyed in the field. Review of agency files and interviews with
agency and Lower Duwamish Waterway Group (LDWG) personnel provided
additional outfall-specific information. Some locations were field-verified by
LDWG members; some additional outfall locations were identified during
these subsequent verifications. The outfall layer is meant to serve as a
snapshot of outfall conditions at the time the survey was completed (2003).
More recent information, when available, is reflected in the outfall
discussions in Appendix I.

95th percentile = 210
75th percentile = 66
50th percentile = 36
25th percentile = 20
CSL = 530
SQS = 450
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Map 4-54. Mercury concentrations in
surface sediment

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

Mercury concentration
(mg/kg dw)

a

!( > 0.41
!( > 0.23 and ≤ 0.41
!( > 0.14 and ≤ 0.23
!( > 0.08 and ≤ 0.14
!( ≤ 0.08
$+ Non-detect
�) > CSL
#* > SQS and ≤ CSL
!( ≤ SQS

Early Action Area
b

Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

LLCWindWard
environmental

a
 Percentiles were calculated on a numerical basis using both detected

and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c
 For the Duwamish/Diagonal early action area, surface sediment data 

in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d
 Outfalls shown were identified during a City of Seattle low-tide survey

in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

95th percentile = 0.41
75th percentile = 0.23
50th percentile = 0.14
25th percentile = 0.08
CSL = 0.59
SQS = 0.41

Outfall classification
d
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Map 4-55. Nickel concentrations in surface
sediment

Scale is the same for each inset map

0 0.1 0.2
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Nickel concentration
(mg/kg dw)

a

!( > 43
!( > 27 and ≤ 43
!( > 22 and ≤ 27
!( > 17 and ≤ 22
!( ≤ 17
$+ Non-detect

Early Action Area
b

Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

a
 Percentiles were calculated on a numerical basis using both detected

and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c
 For the Duwamish/Diagonal early action area, surface sediment data 

in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d
 Outfalls shown were identified during a City of Seattle low-tide survey

in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-56. Silver concentrations in surface
sediment 

Scale is the same for each inset map
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Thin-layer placement
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LLCWindWard
environmental

a
 Percentiles were calculated on a numerical basis using both detected

and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c
 For the Duwamish/Diagonal early action area, surface sediment data 

in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d
 Outfalls shown were identified during a City of Seattle low-tide survey

in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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CSL = SQS = 6.1

Outfall classification
d

k

#*

9 CSO
k

#*

9 CSO/storm drain
k

#*

9 EOF
k

#*

9 EOF/storm drain

k

#*

9
Permitted private
storm drain

k

#*

9 Private storm drain
k

#*

9 Public storm drain

k

#*

9
Pipe of unresolved
origin and/or use

XW� Abandoned
XW� Not an outfall

GF
Stream, channel,
or swale

+$+ (



GF

GF

k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9

k

#*

9

XW�

XW�

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

Slip 1

Slip 2

Harbor I.

Kellogg I.

Duwamish/Diagonal

Early Action Area

W
 M

ar
gi

na
l W

ay
 S

West Seattle Bridge

1.9

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.1

0.9

0.1

0.2

0.3

0.6

0.5

0.4

0.0

2.0

1.0

1s
t A

ve
. S

 B
rid

ge

GF

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�XW�XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�

XW�XW�

XW�

XW�

XW

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9
k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k
#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9 k

#*

9 k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9k

#*

9
k

#*

9

k

#*

9
k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(!(!(

!(!(!(
!(

!(!(!(

!(!(

!(!(
!(

!(!(!(
!(!(!(!(!(
!(!(
!(
!(!(!(
!(!(
!(!(

!(

!(
!(

!(
!(

!(

!(

!(
!(
!(
!(!(
!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(
!(
!(

!(

!(

!(
!(
!(!(

Slip 3

Slip 4

RM 3.8

Early Action Area

Slip 4

Early Action Area

Boeing Plant 2/

Jorgensen Forge

Early Action Area

Early Action

Area 2

T-117

Early Action Area

E
 M

argina l W
ay S

2.2

2.1

3.9

3.8

3.7

3.6

3.5

3.4

3.3

3.2

3.1

2.9

2.8

2.7

2.6

2.5

2.4

2.3

4.1

2.0

4.0

3.0

1s
t A

ve
. S

 B
rid

ge

South P
ark 

Brid
ge

±±

P
re

pa
re

d 
by

 C
E

H
, 0

7/
15

/2
01

0;
 M

A
P

 2
77

8;
 W

:\P
ro

je
ct

s\
00

-0
8-

06
_D

uw
am

is
h_

R
I\d

at
a\

gi
s\

P
ha

se
2 

R
I\N

at
ur

e 
an

d 
E

xt
en

t\S
ur

fa
ce

 S
ed

im
en

t\O
th

er
 C

O
C

s

GF

k

#*

9

XW�

XW�

XW�XW�

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9
k

#*

9

k

#*

9

k

#*

9

!(

!( !(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!( !(

!(

!(

!(

!(

!(

!(!(!(!(!(!(

!(
!(
!(!(

Slip 6

Upper Turning
Basin

Norfolk

Early Action Area

H
w

y 
99

S. 102nd St. B
ridge

4.2

5.7

5.6

5.5

5.4

5.3

5.2

5.1

4.9

4.
8

4.
7

4.5

4.4

4.3

5.0

±

Map 4-57. Vanadium concentrations in
surface sediment

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

Vanadium concentration
(mg/kg dw)

a

!( > 81
!( > 68 and ≤ 81
!( > 57 and ≤ 68
!( > 48 and ≤ 57
!( ≤ 48
$+ Non-detect

Early Action Area
b

Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-58. Zinc concentrations in surface
sediment

Scale is the same for each inset map

0 0.1 0.2
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Zinc concentration
(mg/kg dw)

a

!( > 410
!( > 160 and ≤ 410
!( > 110 and ≤ 160
!( > 79 and ≤ 110
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$+ Non-detect
�) > CSL
#* > SQS and ≤ CSL
!( ≤ SQS

Early Action Area
b

Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-59. TBT concentrations in surface
sediment

Scale is the same for each inset map
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a
 Percentiles were calculated on a numerical basis using both detected

and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.
b
 Several of the EAA boundaries are approximate and have not been

finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c
 For the Duwamish/Diagonal early action area, surface sediment data 

in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d
 Outfalls shown were identified during a City of Seattle low-tide survey

in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-60. TBT concentrations in surface
sediment and subsurface sediment cores
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TBT concentrations (µg/kg dw) in surface sediments using Thiessen polygons

TBT concentrations (µg/kg dw) in subsurface sediment cores and co-located (within 10 ft) surface sediment samples

This core was collected prior to dredging at that location.i
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Labeled values represent a surface sediment grab sample located within 10 ft of the subsurface sediment core; other cores with no co-located surface sediment grab samples show the Thiessen polygon concentration at the core location.

a Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.
b For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, and thin-layer placement in 2003 to 2005. For the Norfolk Early Action Area,
surface sediment data represent samples collected after dredging and capping at the Norfolk CSO/SD removal area in 1999 and before sediment removal and capping at the Boeing Developmental Center south storm drain in
2003. Subsurface sediment data at locations in dredged areas were collected prior to dredging.
c Interpolated concentrations are based on data from the baseline surface sediment dataset. Percentiles were calculated on an area-basis as the concentration at which a particular percentage of the LDW area has Thiessen
polygon values less than or equal to that concentration (e.g., the 95th percentile is the concentration at which 95% of the LDW area has interpolated concentrations ≤ 230 µg/kg dw). Thiessen polygon concentrations were
calculated including locations with non-detected values. For locations with non-detects, a value of one-half the RL at that location was used.

Core recovered to a depth of 100 ft
but not analyzed for TBT below 10 ft.

Core recovered to a depth of 100 ft
but not analyzed for TBT below 10 ft.
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Map 4-61. Total HPAH concentrations in 
surface sediment

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

aPercentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, one-half the non-detect value was
used. When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for 
these locations are compared instead to the LAET and 2LAET.

b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.

d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

LLCWindWard
environmental

HPAH concentration
(µg/kg dw)

a

!( > 13,000
!( > 4,200 and ≤ 13,000
!( > 2,000 and ≤ 4,200
!( > 830 and ≤ 2,000
!( ≤ 830
$+ Non-detect
�) > CSL
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!( ≤ SQS

Early Action Area
b

Dredged and capped
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c

Thin-layer placement
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Navigation channel
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95th percentile = 13,000
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Map 4-62. Total LPAH concentrations in
surface sediment

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

LPAH concentration
(µg/kg dw)

a

!( > 2,300
!( > 550 and ≤ 2,300
!( > 230 and ≤ 550
!( > 84 and ≤ 230
!( ≤ 84
$+ Non-detect
�) > CSL
#* > SQS and ≤ CSL
!( ≤ SQS

Early Action Area
b

Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

aPercentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, one-half the non-detect value was
used. When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for 
these locations are compared instead to the LAET and 2LAET.

b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.

d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

LLCWindWard
environmental

95th percentile = 2,300
75th percentile = 550
50th percentile = 230
25th percentile = 84
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Map 4-63. BBP concentrations in surface
sediment

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

BBP concentration
(µg/kg dw)

a

!( > 230
!( > 50 and ≤ 230
!( > 28 and ≤ 50
!( > 10 and ≤ 28
!( > 0.90 and ≤ 10
$+ Non-detect
�) > CSL
#* > SQS and ≤ CSL
!( ≤ SQS

Early Action Area
b

Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that location
was used. When OC-normalization was not appropriate because TOC
content was < 0.5% or > 4.0%, dry weight concentrations for these
locations are compared instead to the LAET and 2LAET.

b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.

d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

LLCWindWard
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95th percentile = 230
75th percentile = 50
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Map 4-64. Phenol concentrations in surface
sediment

Scale is the same for each inset map
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Phenol concentration
(µg/kg dw)
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!( > 320
!( > 95 and ≤ 320
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Early Action Area
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Dredged and capped
area
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Thin-layer placement
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Road

Navigation channel

River mile

LLCWindWard
environmental

a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.

b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.

d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

95th percentile = 320
75th percentile = 95
50th percentile = 31
25th percentile = 10
CSL = 1,200
SQS = 420
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a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
For locations with non-detects, a value of one-half the RL at that
location was used.

b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.

d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 4-66a. Total HPAH concentrations in
subsurface sediment within the 0-to-2-ft,
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0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

!

Other subsurface sampling location analyzed
for HPAHs, but not in the illustrated sampling 
intervals

Early Action Area
d

Dredged area
e

Dredged and capped area
e

Dredged and thin-layer placement
e

Thin-layer placement

Navigation channel

River mile

LLCWindWard
environmentalSubsurface core locations with

0-to-2-ft sampling intervals
Subsurface core locations with
2-to-4-ft sampling intervals

Subsurface core locations with
4-to-6-ft sampling intervals

a In accordance with the Washington State SMS, Total HPAH 
represents the sum of the concentrations of detected HPAH 
compounds. Percentiles were calculated on a numerical basis
using both detected and non-detected values from the
baseline surface sediment dataset. For locations with non-detects, 
one-half the non-detect value was used. 
b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.
c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.
d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.
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Map 4-66b. Total HPAH concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 1.8 to RM 3.7
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represents the sum of the concentrations of detected HPAH 
compounds. Percentiles were calculated on a numerical basis
using both detected and non-detected values from the
baseline surface sediment dataset. For locations with non-detects, 
one-half the non-detect value was used. 

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.
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Map 4-66c. Total HPAH concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 3.7 to RM 6.0

Scale is the same for each map frame

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

!

Other subsurface sampling location analyzed
for HPAHs, but not in the illustrated sampling 
intervals

Early Action Area
d

Dredged area
e

Dredged and capped area
e

Navigation channel

River mile

LLCWindWard
environmental

Subsurface core 
locations with 0-to-2-ft 
sampling intervals

Subsurface core 
locations with 2-to-4-ft 
sampling intervals

Subsurface core 
locations with 4-to-6-ft 
sampling intervals

Total HPAH concentration
(µg/kg dw)a

�) > 13,000

�) > 4,200 and ≤ 13,000

�) > 2,000 and ≤ 4,200

�) > 830 and ≤ 2,000

�) ≤ 830

�) Non-detect

95th percentile = 13,000
75th percentile = 4,200
50th percentile = 2,000
25th percentile = 830

a In accordance with the Washington State SMS, Total HPAH 
represents the sum of the concentrations of detected HPAH 
compounds. Percentiles were calculated on a numerical basis
using both detected and non-detected values from the
baseline surface sediment dataset. For locations with non-detects, 
one-half the non-detect value was used. 

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

Dredging information provided by AECOM.

0-to-2-ftb    2-to-4-ftb    4-to-6-ftb

0-to-1-ftc    2-to-3-ftc    4-to-5-ftc

1-to-2-ftc    3-to-4-ftc    5-to-6-ftc

Not analyzed in that sampling interval

Sampling interval
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panel
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panel
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Map 4-67a. Total LPAH concentrations in
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Other subsurface sampling location analyzed
for LPAHs, but not in the illustrated sampling 
intervals

Early Action Area
d

Dredged area
e

Dredged and capped area
e

Dredged and thin-layer placement
e

Thin-layer placement

Navigation channel

River mile

LLCWindWard
environmentalSubsurface core locations with

0-to-2-ft sampling intervals
Subsurface core locations with
2-to-4-ft sampling intervals

Subsurface core locations with
4-to-6-ft sampling intervals

a In accordance with the Washington State SMS, Total LPAH 
represents the sum of the concentrations of detected LPAH 
compounds. Percentiles were calculated on a numerical
basis using both detected and non-detected values from the 
baseline surface sediment dataset. For locations with non-detects,
one-half the non-detect value was used. 
b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.
c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.
d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

Total LPAH concentration
(µg/kg dw)a

�) > 2,300

�) > 550 and ≤ 2,300

�) > 230 and ≤ 550

�) > 84 and ≤ 230

�) ≤ 84

�) Non-detect

95th percentile = 2,300
75th percentile = 550
50th percentile = 230
25th percentile = 84

Dredging information provided by AECOM.

0-to-2-ftb    2-to-4-ftb    4-to-6-ftb

0-to-1-ftc    2-to-3-ftc    4-to-5-ftc

1-to-2-ftc    3-to-4-ftc    5-to-6-ftc

Not analyzed in that sampling interval
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Map 4-67b. Total LPAH concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 1.8 to RM 3.7

Scale is the same for each map frame
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Other subsurface sampling location analyzed
for LPAHs, but not in the illustrated sampling 
intervals

Early Action Area
d

Dredged area
e

Navigation channel

River mile

LLCWindWard
environmentalSubsurface core locations with

0-to-2-ft sampling intervals
Subsurface core locations with
2-to-4-ft sampling intervals

Subsurface core locations with
4-to-6-ft sampling intervals

Total LPAH concentration
(µg/kg dw)a

�) > 2,300

�) > 550 and ≤ 2,300

�) > 230 and ≤ 550

�) > 84 and ≤ 230

�) ≤ 84

�) Non-detect

a In accordance with the Washington State SMS, Total LPAH 
represents the sum of the concentrations of detected LPAH 
compounds. Percentiles were calculated on a numerical
basis using both detected and non-detected values from the 
baseline surface sediment dataset. For locations with non-detects,
one-half the non-detect value was used. 

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

95th percentile = 2,300
75th percentile = 550
50th percentile = 230
25th percentile = 84

Dredging information provided by AECOM.

0-to-2-ftb    2-to-4-ftb    4-to-6-ftb

0-to-1-ftc    2-to-3-ftc    4-to-5-ftc

1-to-2-ftc    3-to-4-ftc    5-to-6-ftc
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Map 4-67c. Total LPAH concentrations in
subsurface sediment within the 0-to-2-ft,
2-to-4-ft, and 4-to-6-ft sampling intervals,
RM 3.7 to RM 6.0

Scale is the same for each map frame
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Other subsurface sampling location analyzed
for LPAHs, but not in the illustrated sampling 
intervals

Early Action Area
d

Dredged area
e

Dredged and capped area
e

Navigation channel

River mile

LLCWindWard
environmental

Subsurface core 
locations with 0-to-2-ft 
sampling intervals

Subsurface core 
locations with 2-to-4-ft 
sampling intervals

Subsurface core 
locations with 4-to-6-ft 
sampling intervals

Total LPAH concentration
(µg/kg dw)a

�) > 2,300

�) > 550 and ≤ 2,300

�) > 230 and ≤ 550

�) > 84 and ≤ 230

�) ≤ 84

�) Non-detect

a In accordance with the Washington State SMS, Total LPAH 
represents the sum of the concentrations of detected LPAH 
compounds. Percentiles were calculated on a numerical
basis using both detected and non-detected values from the 
baseline surface sediment dataset. For locations with non-detects,
one-half the non-detect value was used. 

b Data from 2-foot sampling intervals; some locations show an
average of data from both 1-foot intervals within that 2-foot interval 
at a given location.

c Data from 1-foot sampling intervals are shown if available. If both 
1-foot intervals within the 2-foot interval were collected, the 
average of the two intervals is also shown.

d Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.

e Subsurface sediment data at locations in dredged areas were
collected prior to dredging.

95th percentile = 2,300
75th percentile = 550
50th percentile = 230
25th percentile = 84

Dredging information provided by AECOM.

0-to-2-ftb    2-to-4-ftb    4-to-6-ftb

0-to-1-ftc    2-to-3-ftc    4-to-5-ftc

1-to-2-ftc    3-to-4-ftc    5-to-6-ftc

Not analyzed in that sampling interval

Sampling interval
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panel
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panel

Right
panel
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Map 4-68. Total DDT concentrations in
surface sediment

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

Total DDT concentration
(µg/kg dw)

a

!( > 70
!( > 7.8 and ≤ 70
!( > 2.7 and ≤ 7.8
!( > 1.0 and ≤ 2.7
!( ≤ 1.0
$+ Non-detect

Early Action Area
b

Dredged and capped
area

c

Thin-layer placement
c

Road

Navigation channel

River mile

LLCWindWard
environmental

a Percentiles were calculated on a numerical basis using both detected
and non-detected values from the baseline surface sediment dataset.
Total DDT values represent the sum of the concentrations of the DDT,
DDD, and DDE congeners, using one-half the RL for undetected
congeners.
b Several of the EAA boundaries are approximate and have not been
finalized by EPA/Ecology; a description of each EAA boundary is
presented in Section 9.2.2.
c For the Duwamish/Diagonal early action area, surface sediment data 
in the baseline dataset represent samples collected before dredging, 
capping, or thin-layer placement in 2003 to 2005. For the Norfolk early
action area, surface sediment data represent samples collected after
dredging and capping at the Norfolk CSO removal area in 1999 and 
before sediment removal and capping at the Boeing Developmental 
Center south storm drain in 2003.
d Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.

95th percentile = 70
75th percentile = 7.8
50th percentile = 2.7
25th percentile = 1.0
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Map 4-69a. Comparison of actual and
estimated depths of peak total PCB
concentrations in cores based on annual
average net sedimentation rates and source
assumptions, RM 0.0 to RM 1.0

LLCWindWard
environmental
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Interpretation of core chemistry profile
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Average annual net sedimentation
rate from STM (cm/yr)

Net sediment loss
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Outfall classification
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a Cores from the RI surface sediment dataset were excluded from this analysis if at least one of the following conditions
was met: 1) only one core interval was analyzed for total PCBs, 2) no core interval was analyzed within the depth range
of the expected peak, 3) PCBs were not detected, or 4) dredging occurred prior to sampling.
b Analysis assumptions
• Annual average net sedimentation rates are from the STM report (QEA 2008)
• Peak usage and release of PCBs assumed to be 1960, 1965, or 1974
• No localized disturbances (e.g., dredging, tug maneuvering)
c Outfalls shown were identified during a City of Seattle low-tide survey in 2003 (Herrera 2004). Some locations were
initially identified using drainage maps from Ecology’s National Pollutant Discharge Elimination System (NPDES) permit
files and other relevant agency databases. These locations were later surveyed in the field. Review of agency files and
interviews with agency and Lower Duwamish Waterway Group (LDWG) personnel provided additional outfall-specific
information. Some locations were field-verified by LDWG members; some additional outfall locations were identified
during these subsequent verifications. The outfall layer is meant to serve as a snapshot of outfall conditions at the time
the survey was completed (2003). More recent information, when available, is reflected in the outfall discussions in
Appendix I.
d Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each
EAA boundary is presented in Section 9.2.2.
e Cores located within dredged areas were collected prior to dredging.

Estimated depth of peak total PCB concentration

0

1

2

3

4

5

6

7

8

9

10

11

12

13

LD
W

-S
C
1
 (R

M
 0

)

LD
W

-S
C
2
 (R

M
 0

.1
)

LD
W

-S
C
4
 (R

M
 0

.2
)

LD
W

-S
C
5
 (R

M
 0

.2
)

LD
W

-S
C
6
 (R

M
 0

.3
)

LD
W

-S
C
7
 (R

M
 0

.4
)

LD
W

-S
C
8
 (R

M
 0

.4
)

D
U

D
2
5
1
 (R

M
 0

.4
)

D
U

D
2
5
2
 (R

M
 0

.4
)

D
U

D
2
5
4
 (R

M
 0

.5
)

D
U

D
2
5
3
 (R

M
 0

.5
)

D
U

D
0
2
0
 (R

M
 0

.5
)

D
U

D
0
0
6
 (R

M
 0

.5
)

D
R
0
0
8
 (R

M
 0

.5
)

D
U

D
2
5
6
 (R

M
 0

.5
)

D
U

D
2
5
5
 (R

M
 0

.5
)

LD
W

-S
C
9
 (R

M
 0

.5
)

L
D

W
-SC

1
0
 (R

M
 0

.5
)

D
U

D
2
5
8
 (R

M
 0

.5
)

D
U

D
2
5
7
 (R

M
 0

.5
)

D
U

D
2
6
0
 (R

M
 0

.6
)

D
U

D
0
2
7
 (R

M
 0

.6
)

D
U

D
2
6
2
 (R

M
 0

.6
)

D
U

D
2
6
1
 (R

M
 0

.6
)

L
D

W
-SC

1
1
 (R

M
 0

.5
)

L
D

W
-SC

1
2
 (R

M
 0

.6
)

D
R
0
4
4
 (R

M
 0

.6
)

L
D

W
-SC

1
3
 (R

M
 0

.9
)

L
D

W
-SC

1
4
 (R

M
 0

.9
)

L
D

W
-SC

1
5
 (R

M
 0

.9
)

D
R
0
2
1
 (R

M
 0

.9
)

L
D

W
-SC

1
6
 (R

M
 1

)

L
D

W
-SC

1
7
 (R

M
 1

)

L
D

W
-SC

1
9
 (R

M
 1

)

8
5

3
5
0

6
,7

0
0

4
,3

0
0

4
4
0

1
.9

 U

1
,3

8
0

2
,9

0
0

2
0
9

1
.9

 U

1
4
3

4
9
0

6
0
0

2
.0

 U

5
1
0

6
6

2
.0

 U

1
6
7

9
7

1
0
1

9
4

1
7
6

3
5
0

4
9
0

1
,5

9
0

2
,6

0
0

4
.5

1
,3

0
0

1
,2

7
0

2
.8

 U

2
9
0

1
,0

3
0

2
,9

0
0

5
,5

0
0

3
,8

0
0

5
4
0

2
,0

9
0

1
4
0

8
 U

J

8
0
.0

8
 U

J
8
 U

J

7
9
0

5
,6

0
0

7
2
0

5
0
0

1
,6

2
0

7
,0

0
0

7
6
0

1
5
8

4
4
1

3
,0

2
0

4
,4

5
0

5
0
9

8
2
0

2
3
8

7
3
0

1
,1

5
2

1
,2

5
0

1
,7

7
0

7
5
0

1
,6

1
0

8
9
0

1
,6

7
0

8
 U

J

7
,7

0
0

1
,2

6
0

1
1
 U

J

3
,6

0
0

2
,7

0
0

6
7

2
6
0

2
9
0

1
,1

2
0

4
1
0

3
5
0

6
9
0

5
8
0

8
 U

J

1
6
3

8
 U

J
8
 U

J

1
,3

4
0

1
6
0

1
,8

0
0

1
1
 U

J
1
0
 U

J

3
,5

2
0

7
4
0

1
3
,2

0
0

2
1
,0

00

3
,0

0
0

2
.0

 U
2
.0

 U
2
.0

 U

6
4

1
0
6

1
3
4

3
2
0

2
,0

0
0

6
3
0

1
3
8

7
9
0

4
2
0

2
.0

 U

2
3
0

1
,9

0
0

4
6
0

4
7
0

2
8
0

3
6
0

1
2
0

2
.0

 U
1
.9

 U

4
,5

0
0

2
,0

6
0

1
,5

5
0

4
2
0

7
0

2
.0

 U

3
6
0

3
4
0

5
1
0

1
,9

5
0

2
.0

 U

5
2
0

4
,0

0
0

3
3
0

5
,4

0
0

3
,4

0
0

1
8

1
,2

2
0

1
,0

4
0

9
,8

0
0

1
,9

0
0

2
8
0

2
3
3

2
5
0

4
4
0

2
,4

0
0

2
.0

 U

Analyzed core interval with actual peak total PCB concentration

1960
1965
1974

D
e

p
th

 b
e

lo
w

 m
u

d
lin

e
 (ft)



k

#*

9

k

#*

9
k

#*

9 k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9 k

#*

9k

#*

9k

#*

9
k

#*

9k

#*

9 k

#*

9 k

#*

9 k

#*

9

k

#*

9

k

#*

9 k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9k

#*

9k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9k

#*

9

k

#*

9

k

#*

9

k

#*

9
k

#*

9

k

#*

9

k

#*

9

k

#*

9

’�

’�

’�

’�

’�’�

’�
’�

’� ’�

’�

’�

’�’�

’�

’�

’�

’�
’�

’�

’�

’�

’�’�

’�

’�’�

’�

’�

! !! !

!

!

!
!!

!
!!!
!!!

!!
!
!

! !

!
!!

! !

!
!

!

! ! ! !

!

!

!
!

! !

!

!

!

!!

!

Slip 1
Slip 3

SCDMMU1

LDW-SC38a

2.2

1.
1

2.1

1.
9

1.
8

1 .
7

1.
6

1 .
5

1 .
4

1.
31 .
2

1.
0

2.0

c-4

DR137

DR112

DR106

DR054

DR025

LDW-SC40
LDW-SC39

LDW-SC37

LDW-SC36

LDW-SC35

LDW-SC34

LDW-SC33

LDW-SC32

LDW-SC29

LDW-SC28

LDW-SC27

LDW-SC26
LDW-SC25LDW-SC24

LDW-SC23
LDW-SC22

LDW-SC21

LDW-SC20

LDW-SC19

LDW-SC17

LDW-SC202

LDW-SC203

LDW-SC201

P
re

pa
re

d 
by

 C
E

H
, 0

7/
15

/2
01

0;
 M

A
P

 3
06

8;
 W

:\P
ro

je
ct

s\
00

-0
8-

06
_D

uw
am

is
h_

R
I\d

at
a\

gi
s\

P
ha

se
2 

R
I\N

at
ur

e 
an

d 
E

xt
en

t\S
ub

su
rf

ac
e\

C
or

e 
A

na
ly

si
s

±

Map 4-69b. Comparison of actual and
estimated depths of peak total PCB
concentrations in cores based on annual
average net sedimentation rates and source
assumptions, RM 1.0 to RM 2.2
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a Cores from the RI surface sediment dataset were excluded from this analysis if at least one of the following conditions
was met: 1) only one core interval was analyzed for total PCBs, 2) no core interval was analyzed within the depth range
of the expected peak, 3) PCBs were not detected, or 4) dredging occurred prior to sampling.

b Analysis assumptions
• Annual average net sedimentation rates are from the STM report (QEA 2008)
• Peak usage and release of PCBs assumed to be 1960, 1965, or 1974
• No localized disturbances (e.g., dredging, tug maneuvering)

c Outfalls shown were identified during a City of Seattle low-tide survey in 2003 (Herrera 2004). Some locations were
initially identified using drainage maps from Ecology’s National Pollutant Discharge Elimination System (NPDES) permit
files and other relevant agency databases. These locations were later surveyed in the field. Review of agency files and
interviews with agency and Lower Duwamish Waterway Group (LDWG) personnel provided additional outfall-specific
information. Some locations were field-verified by LDWG members; some additional outfall locations were identified
during these subsequent verifications. The outfall layer is meant to serve as a snapshot of outfall conditions at the time
the survey was completed (2003). More recent information, when available, is reflected in the outfall discussions in
Appendix I.

d Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each
EAA boundary is presented in Section 9.2.2.

e Cores located within dredged areas were collected prior to dredging.
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Map 4-69c. Comparison of actual and
estimated depths of peak total PCB
concentrations in cores based on annual
average net sedimentation rates and source
assumptions, RM 2.2 to RM 3.5
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a Cores from the RI surface sediment dataset were excluded from this analysis if at least one of the following conditions
was met: 1) only one core interval was analyzed for total PCBs, 2) no core interval was analyzed within the depth range
of the expected peak, 3) PCBs were not detected, or 4) dredging occurred prior to sampling.

b Analysis assumptions
• Annual average net sedimentation rates are from the STM report (QEA 2008)
• Peak usage and release of PCBs assumed to be 1960, 1965, or 1974
• No localized disturbances (e.g., dredging, tug maneuvering)

c Outfalls shown were identified during a City of Seattle low-tide survey in 2003 (Herrera 2004). Some locations were
initially identified using drainage maps from Ecology’s National Pollutant Discharge Elimination System (NPDES) permit
files and other relevant agency databases. These locations were later surveyed in the field. Review of agency files and
interviews with agency and Lower Duwamish Waterway Group (LDWG) personnel provided additional outfall-specific
information. Some locations were field-verified by LDWG members; some additional outfall locations were identified
during these subsequent verifications. The outfall layer is meant to serve as a snapshot of outfall conditions at the time
the survey was completed (2003). More recent information, when available, is reflected in the outfall discussions in
Appendix I.

d Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each
EAA boundary is presented in Section 9.2.2.

e Cores located within dredged areas were collected prior to dredging.
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Early Action Area
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Map 4-69d. Comparison of actual and
estimated depths of peak total PCB
concentrations in cores based on annual
average net sedimentation rates and source
assumptions, RM 3.5 to RM 4.8

LLCWindWard
environmental

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

Average annual net sedimentation rate (cm/yr)

Peak total PCB concentrations in subsurface cores

a Cores from the RI surface sediment dataset were excluded from this analysis if at least one of the following conditions
was met: 1) only one core interval was analyzed for total PCBs, 2) no core interval was analyzed within the depth range
of the expected peak, 3) PCBs were not detected, or 4) dredging occurred prior to sampling.
b Analysis assumptions
• Annual average net sedimentation rates are from the STM report (QEA 2008)
• Peak usage and release of PCBs assumed to be 1960, 1965, or 1974
• No localized disturbances (e.g., dredging, tug maneuvering)
c Outfalls shown were identified during a City of Seattle low-tide survey in 2003 (Herrera 2004). Some locations were
initially identified using drainage maps from Ecology’s National Pollutant Discharge Elimination System (NPDES) permit
files and other relevant agency databases. These locations were later surveyed in the field. Review of agency files and
interviews with agency and Lower Duwamish Waterway Group (LDWG) personnel provided additional outfall-specific
information. Some locations were field-verified by LDWG members; some additional outfall locations were identified
during these subsequent verifications. The outfall layer is meant to serve as a snapshot of outfall conditions at the time
the survey was completed (2003). More recent information, when available, is reflected in the outfall discussions in
Appendix I.
d Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each
EAA boundary is presented in Section 9.2.2.
e Cores located within dredged areas were collected prior to dredging.

Interpretation of core chemistry profile
a

’	

Consistent with assumptions
b

(peak total PCB concentration
as deep or deeper than expected)

’	

Inconsistent with assumptions
b

(peak total PCB concentration
shallower than expected)

! Core excluded from analysis

Average annual net sedimentation
rate from STM (cm/yr)

Net sediment loss

0.1 - 0.5
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Boeing Plant 2/Jorgensen Forge
Early Action Area

T-117 Early Action Area
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Map 4-70a. 95th and 75th Percentiles of risk driver
chemicals, RM 0.0 to RM 1.8

LLCWindWard
environmental

For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, or thin-layer placement in 2003 to 2005.

Total PCB concentration
(µg/kg dw)

a

95
th
 percentile = 810

75
th
 percentile = 210

> 810

> 210 and ≤ 810

≤ 210

a Percentiles were calculated on an
area basis as the concentration at
which a particular percentage of 
the LDW area has IDW-interpolated
values less than or equal to that
concentration (e.g., the 95th percentile
is the concentration at which 95%
of the LDW area has concentrations
≤ 810 µg/kg dw). Thiessen polygons
were created that had concentrations
above these percentile values.
Thiessen polygon concentrations
were calculated including locations
with non-detected values. For
locations with non-detects for all
individual Aroclors, a value equal
to the highest RL of an individual
Aroclor was used.

cPAH concentration
(µg/kg dw)

a

95
th
 percentile = 1,100

75
th
 percentile = 460

> 1,100

> 460 and ≤ 1,100

≤ 460

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95% of
the LDW area has concentrations
≤ 1,100 µg/kg dw). Thiessen
polygon concentrations were
calculated including locations
with non-detected values.
TEQs were calculated with
mammalian PEFs for seven
individual PAH compounds
(California EPA 1994), using
one-half the RL for undetected
compounds.

Arsenic concentration
(mg/kg dw)

a

95
th
 percentile = 25

75
th
 percentile = 14

> 25

> 14 and ≤ 25

≤ 14

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95% of
the LDW area has concentrations
≤ 25 mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-
detected values. For locations
with non-detects, a value of one-
half the RL at that location was used.

Dioxin and furan TEQ
(ng/kg dw)

a

95
th
 percentile = 524

75
th
 percentile = 17

�) > 524

�) > 17 and ≤ 524

�) ≤ 17

a Percentiles were calculated
on a numerical basis using all
values from the baseline surface
sediment dataset. Percentiles
were not calculated on an
area basis as for the other
chemicals because there
were too few dioxin and furan
samples to establish a spatial
distribution. TEQs were
calculated using mammalian
TEFs for individual dioxin and
furan congeners (Van den Berg
et al. 2006), using one-half the
reporting limit for undetected
congeners.

Scale is the same for each inset map
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a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of the 
LDW area has Thiessen
polygon values less than or 
equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95%
of the LDW area has Thiessen
polygon concentrations ≤ 990
mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-detected
values. For locations with non-detects,
a value of one-half the RL at that
location was used.
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Map 4-70b. 95th and 75th Percentiles of risk driver
chemicals, RM 1.8 to RM 3.7

LLCWindWard
environmental

Total PCB concentration
(µg/kg dw)

a

95
th
 percentile = 810

75
th
 percentile = 210

> 810

> 210 and ≤ 810

≤ 210

a Percentiles were calculated on
an area basis as the concentration
at which a particular percen-
tage of the LDW area has
IDW-interpolated values less than
or equal to that concentration (e.g.,
the 95th percentile is the concen-
tration at which 95% of the
LDW area has concentrations
≤ 810 µg/kg dw). Thiessen polygons
were created that had concentra-
tions above these percentile
values. Thiessen polygon
concentrations were calculated
including locations with non-detected
values. For locations with non-
detects for all individual
Aroclors, a value equal to the
highest RL of an individual Aroclor
was used.

cPAH concentration
(µg/kg dw)

a

95
th
 percentile = 1,100

75
th
 percentile = 460

> 1,100

> 460 and ≤ 1,100

≤ 460

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95% of
the LDW area has concentrations
≤ 1,100 µg/kg dw). Thiessen
polygon concentrations were
calculated including locations
with non-detected values.
TEQs were calculated with
mammalian PEFs for seven
individual PAH compounds
(California EPA 1994), using
one-half the RL for undetected
compounds.

Arsenic concentration
(mg/kg dw)

a

95
th
 percentile = 25

75
th
 percentile = 14

> 25

> 14 and ≤ 25

≤ 14

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is
the concentration at which 95% of
the LDW area has concentrations
≤ 25 mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-
detected values. For locations
with non-detects, a value of one-
half the RL at that location was used.

Dioxin and furan TEQ
(ng/kg dw)

a

95
th
 percentile = 524

75
th
 percentile = 17

�) > 524

�) > 17 and ≤ 524

�) ≤ 17

a Percentiles were calculated
on a numerical basis using all
values from the baseline
surface sediment dataset.
Percentiles were not calculated
on an area basis as for the other
chemicals because there were too
few dioxin and furan samples
to establish a spatial distribution.
TEQs were calculated using
mammalian TEFs for individual
dioxin and furan congeners
(Van den Berg et al. 2006),
using one-half the reporting limit for
undetected congeners.

Scale is the same for each inset map
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a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of the 
LDW area has Thiessen
polygon values less than or 
equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95%
of the LDW area has Thiessen
polygon concentrations ≤ 990
mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-
detected values. For locations with
non-detects, a value of one-half the
RL at that location was used.
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Map 4-70c. 95th and 75th Percentiles of risk driver
chemicals, RM 3.7 to RM 6.0

LLCWindWard
environmental

For the Norfolk Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging, capping, or thin-layer placement in 2003 and 2004.

Total PCB concentration
(µg/kg dw)

a

95
th
 percentile = 810

75
th
 percentile = 210

> 810

> 210 and ≤ 810

≤ 210

a Percentiles were calculated on an
area basis as the concentration at
which a particular percentage of 
the LDW area has IDW-interpolated
values less than or equal to that
concentration (e.g., the 95th percentile
is the concentration at which 95%
of the LDW area has concentrations
≤ 810 µg/kg dw). Thiessen polygons
were created that had concentrations
above these percentile values.
Thiessen polygon concentrations
were calculated including locations
with non-detected values. For
locations with non-detects for all
individual Aroclors, a value equal
to the highest RL of an individual
Aroclor was used.

cPAH concentration (µg/kg dw)
a

95
th
 percentile = 1,100

75
th
 percentile = 460

> 1,100

> 460 and ≤ 1,100

≤ 460

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95% of
the LDW area has concentrations
≤ 1,100 µg/kg dw). Thiessen
polygon concentrations were
calculated including locations
with non-detected values.
TEQs were calculated with
mammalian PEFs for seven
individual PAH compounds
(California EPA 1994), using
one-half the RL for undetected
compounds.

Arsenic concentration
(mg/kg dw)

a

95
th
 percentile = 25

75
th
 percentile = 14

> 25

> 14 and ≤ 25

≤ 14

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of
the LDW area has IDW-
interpolated values less than
or equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95% of
the LDW area has concentrations
≤ 25 mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-
detected values. For locations
with non-detects, a value of one-
half the RL at that location was used.

Dioxin and furan TEQ
(ng/kg dw)

a

95
th
 percentile = 524

75
th
 percentile = 17

�) > 524

�) > 17 and ≤ 524

�) ≤ 17

a Percentiles were calculated
on a numerical basis using all
values from the baseline surface
sediment dataset. Percentiles
were not calculated on an
area basis as for the other
chemicals because there
were too few dioxin and furan
samples to establish a spatial
distribution. TEQs were
calculated using mammalian
TEFs for individual dioxin and
furan congeners (Van den Berg
et al. 2006), using one-half the
reporting limit for undetected
congeners.

Scale is the same for each inset map
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BEHP concentration
(µg/kg dw)

95
th
 percentile = 990

75
th
 percentile = 440

> 990

> 440 and ≤ 990

≤ 440

a Percentiles were calculated
on an area basis as the
concentration at which a
particular percentage of the 
LDW area has Thiessen
polygon values less than or 
equal to that concentration
(e.g., the 95th percentile is the
concentration at which 95%
of the LDW area has Thiessen
polygon concentrations ≤ 990
mg/kg dw). Thiessen polygon
concentrations were calculated
including locations with non-detected
values. For locations with non-detects,
a value of one-half the RL at that
location was used.
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Map 5-1. Modeling areas in the LDW used in
the fish exposure assessment and the food
web model
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Map 5-2. Spotted sandpiper exposure areas 
in the LDW
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Map 6-1. LDW intertidal areas included in the 
beach play direct sediment contact exposure 
scenarios and excess cancer risk estimates
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Risk = excess cancer risk estimate
cPAH = carcinogenic PAHs
COPC = chemical of potential concern
D/F TEQ = dioxin and furan toxic equivalent
                  (data available only at beaches 4, 5 and 7)

Excess cancer risk charts for individual beaches compare risks by
chemical as a fraction of total risk from all COPCs. Chemicals other than
PCBs, arsenic, cPAHs, and dioxins and furans are not shown on charts
because they contribute 1% or less to the total risk. The size of each chart
is proportional to the total risk, as defined by the scale in the legend.
a Tax parcel information was provided in 2008 by Seattle Public Utilities
and King County. Some tax parcel polygons were edited to conform to
the LDW shoreline presentation. A comprehensive survey of property-
owner records was not conducted.
b cPAH concentrations are based on benzo(a)pyrene equivalents. TEQs
were calculated with mammalian PEFs for seven individual PAH
compounds (California EPA 1994), using one-half the RL for undetected
compounds. Because of the potential for increased susceptibility of
children to carcinogens with mutagenic activity, as described in EPA
guidance (EPA 2005), the risk estimate for beach play RME for cPAHs
is based on dose adjustments across the 0-to-6-year age range of
children. See Section B.5.1 for more information.

±

!

Intertidal baseline surface
sediment sampling location

Excess cancer risk for
individual beaches

Arsenic
cPAHb

Total PCBs

D/F TEQ

Total risk = 5 x 10-5

0.9

0.7

0.8

Park are

2.1

2.2

4.



!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

Kellogg I.

Slip 1

Slip 2

T-105

Harbor I.

1.0

Herring's House
Park

LAFARGE CORP

LIPSETT CO LLC

PORT OF
SEATTLE

PORT OF SEATTLE

ANDERSON, DOROTHY

PORT OF SEATTLE

GLACIER NORTHWEST INC

DUWAMISH SHIPYARD INC

ALASKA MARINE LINES INC

SEATTLE PARKS DEPT

GENERAL RECYCLING
OF WASHINGTON LLC

BPB GYPSUM INC

KING COUNTY

FEDERAL
GOVERNMENT

PORT OF
SEATTLE

SAINT-GOBAIN
CONTAINERS

KING COUNTY

KING COUNTY

KING COUNTY

KING COUNTY

LIPSETT CO LLC

PORT OF SEATTLE

PORT OF SEATTLE

GENERAL RECYCLING
OF WASHINGTON LLC

PORT OF
SEATTLE

PORT OF
SEATTLE

PORT OF
SEATTLE

CHEMITHON CORP

PORT OF SEATTLE

GLACIER NORTHWEST INC

LONE STAR
INVESTORS LLP

1.7

1.6

1.5

1.4

1.3

1.2

1.1

0.1

0.2

0.3

0.4

0.6

0.5

0.0

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!
!

!
!
!

!!
!!
!
!
!
!

!!

!
!!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

! !

!!

!
!

! !

!

!

!

!
! !

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!!

!

!
!

!

!
!

!

!

!

!!

!

!
!!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!
!

!

!
!

!

!

!

!

!

Slip 3

Slip 4

a

1st A
ve S Brid

ge

South Park Brid
ge

2.0

3.0

Slip 2

SOUTH PARK
MARINA LTD
PARTNERS

SILVER BAY
LOGGING INC

BOEING

BOEING

SHALMAR GROUP

FOX AVENUE LLC

ESI MGT

GUIMONT GEMO/WILLIAM P

HOPKINS,
FREDERICK J

FAM TRS

BOEING

R & A PROPERTIES

PORT OF SEATTLE

LONE STAR
INVESTORS LLP

GILMUR,
JAMES

SEATTLE DOT

PORT OF
SEATTLE STATE OF

WASHINGTON

SEATTLE DOT

DUWAMISH TRIBE USA IN TRUST
SEATTLE DOT

MUCKLESHOOT
TRIBE

RANIER PETROLEUM CORPORATION

SCS HOLDINGS INC

CLPF-SEATTLE
DISTRIBUTION

CENTER LP

SEATAC MARINE
PROPERTIES LLC

DOUGLAS
MANAGEMENT

COMPANY

TROTSKY,
HERMAN &

JACQUALINE

HALVORSEN,
MARYCATHERINE

BOYER
TOWING

INC

BOYER
TOWING

INC

CROWLEY MARINE SERVICES INC

LUKAS,
BILLIE MACKSENE

KING COUNTY

ELM GROVE LLC

SOUTH PARK
MARINA LTD
PARTNERS

BOEING

JORGENSEN FORGE CORP

PORT OF
SEATTLE

BOEING

GILMUR,
JAMES

3.7

3.6

3.5

3.4

3.3

3.2

2.9

2.8

2.7

2.6

2.5

2.4

2.3

1.8

1.9

3.1

±±

P
re

pa
re

d 
by

 C
E

H
, 0

7/
15

/2
01

0;
 M

ap
 2

24
5;

 W
:\P

ro
je

ct
s\

00
-0

8-
06

_D
uw

am
is

h_
R

I\d
at

a\
gi

s\
P

ha
se

2 
R

I\H
H

R
A

 S
um

m
ar

y

!

!

!

!

!!!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!

! !

!

!

!

!

!

!

!

!

!

!

!
!

!
!
!

!
!

!
!

!
!

!

!

!
!!

!

!

!

!

!

!

!
!

!

!
!

!

!

!

!

!!!!

!!!

!

!
!
!!!
!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

Upper
Turning
Basin

Slip 6

Oxbow B
rid

ge

102nd St B
rid

ge

PORT OF SEATTLE

SEATTLE
CITY LIGHT

SEATTLE
CITY LIGHT

SEATTLE
CITY LIGHT

MELLON DESIMONE

MUCKLE-
SHOOT
INDIAN
TRIBE

BOEING

DELTA MARINE

MELLON TRUST
OF WA-DESIMONE

BOEING

MELLON TRUST REAL ESTATE

BOEING

BOEING

SEATTLE CITY LIGHT

MERRILL CREEK HOLDINGS LLC

CONTAINER PROPERTIES LLC

JORGENSEN
FORGE CORP

BOEING

BOEING

SEA KING
INDUSTRIAL
PARK LLC

BOEING

MUSEUM
OF FLIGHT

FOUNDATION

BOEING

4.9

4.
8

3.7

4.5

4.4

4.3

4.1

3.9

3.8

4.0

4.
7

4.2

6

Map 6-2. LDW intertidal areas included in the 
clam harvesting direct sediment contact 
exposure scenarios
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aTax parcel information was provided in 2008 by Seattle Public Utilities
and King County. Some tax parcel polygons were edited to conform to
the LDW shoreline presentation. A comprehensive survey of property-
owner records was not conducted.

±

0.9

0.7

0.8

Park are

2.1

2.2

4.



!(!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(
!(!(!(
!(!(

!(!(!(!(
!(!(!(
!(
!(!(!(

Port
Townsend

Whidbey
Island

Camano
Island

Port
Angeles

Seattle

Bainbridge
Island

Bremerton

Vashon
Island

Tacoma

Vancouver Island, BC

West Beach

Case
Inlet

Dabob
Bay

Samish
Bay

Saratoga
Passage

Carr Inlet

Discovery
Bay

Sequim
Bay

Rich Passage

Freshwater Bay Dungeness Bay

Wollocher
Bay

King Co.

Skagit Co.

Whatcom Co.

Pierce Co.

Clallam Co.

Jefferson Co.

Snohomish Co.

Grays Harbor
Co.

Mason Co.

Kitsap Co.

Island Co.

San Juan Co.

±

P
re

pa
re

d 
by

 C
E

H
, 0

7/
15

/2
01

0,
 M

ap
 3

24
0;

 W
:\P

ro
je

ct
s\

00
-0

8-
06

_D
uw

am
is

h_
R

I\d
at

a\
gi

s\
P

ha
se

2 
R

I\B
ac

kg
ro

un
d

0 5 10
Miles

0 5 10
KilometersLLCWindWard

environmental

Map 7-1. Locations of surface sediment PCB and 
dioxin and furan data available for natural 
background from reference areas prior to 2008

Straight of
Juan de Fuca
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sediment sample location

!( PCB sediment sample location

Background sampling area

Waterbody or river

Note: Puget Sound 2008 survey locations are shown on Map 7-4.
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Map 7-2. Locations of surface sediment arsenic 
data available for natural background from
reference areas prior to 2008
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Note: Puget Sound 2008 survey locations are shown on Map 7-4.
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Map 7-3. Locations of surface sediment cPAH data
available for natural background from reference
areas prior to 2008
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Note: Puget Sound 2008 survey locations are shown on Map 7-4.
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Map 7-4. Locations of surface sediment data
available for arsenic, PCBs, cPAHs, and dioxins
and furans from the Puget Sound 2008 survey
for natural background consideration
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Map 7-5. Surface sediment sampling locations 
for arsenic, PCBs, cPAHs, or dioxins and furans - 
RM 5.0 to RM 7.0
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Notes:
1. An additional sample collected from Springbrook Creek (which enters the Duwamish River at RM 10.2)
    was included in the dioxin and furan dataset for samples from RM 5.0 - 7.0, but is not shown on this map.
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Map 7-6. Locations of subsurface sediment 
samples collected as part of the 1990 to 2003 
USACE dredged material characterization events±

Legend

Composite core location

Single core location
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Notes:
1. Sampling data provided by USACE (2007).
2. Dredge footprints from USACE dredge summary and analysis reports.
3. Single sample locations represent stations where a single core was collected

(generally from 0 to 4 ft below the mudline), composited over the length of the core,
and analyzed. Composite sample locations represent stations where single cores
from each of those stations (again, generally from 0 to 4 ft below the mudline) were first
composited over the length of the core and then composited with the samples from the cores
at other stations prior to analysis.

4. Stations downstream of RM 4.0 not shown.
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Map 7-7. Upstream surface water sampling locations
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Map 7-8. Dioxin and furan TEQs in surface 
sediment samples from the greater Seattle 
area

LLCWindWard
environmental

Dioxin and furan TEQs were calculated from individual dioxin and furan concentrations with
mammalian TEFs, using ½ the reporting limit for undetected dioxin and furan congeners. The
TEQ at location 3 is the average of the original sample value and the field duplicate sample value.
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Map 7-9. Greater Puget Sound sampling
locations for English, rock, and flathead sole
analyzed for PCBs

Fish tissue sample locations

!( Near-urban English sole (West et al. 2001)

!. Non-urban English sole  (West et al. 2001)

[�
Non-urban English and flathead sole (Gahler 
et al. 1982; as cited in Cubbage 1992)

#* Non-urban English sole (Era-Miller 2006)

�) Near urban rock sole (Era-Miller 2006)

�) Non-urban rock sole (Era-Miller 2006)
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Map 7-10. Greater Puget Sound sampling
locations for rockfish species analyzed for
PCBs

Rockfish tissue sample locations

!( Near-urban copper rockfish (West et al. 2001)

!. Non-urban copper rockfish (West et al. 2001)

�) Near-urban quillback rockfish (West et al. 2001)

�/ Non-urban quillback rockfish (West et al. 2001)

#* Non-urban yelloweye rockfish (West et al. 2001)
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Crab and clam tissue sampling locations

�/ Butter clam (Ecology 2000)

�/ Dungeness crab (Ecology 2000)

�/ Littleneck clam  (Ecology 2000)

!(
Dungeness crab, geoduck, and horse 
clam  (Malcom Pirnie 2007)

#*
Butter clam (King County 1995; 
2000; 2001; 2005; 2006)

LLCWindWard
environmental

0 5 10
Miles

0 5 10
Kilometers

Map 7-11. Greater Puget Sound sampling
locations for crab and clam species analyzed
for PCBs
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Map 7-12. Background areas where tissue
sampling for arsenic was conducted as part
of the RI
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�) Background clam sampling areas
BI  Fay Bainbridge State Park (2004)
SP  Seahurst Park, Burien (2004)
DU  Dungeness NWR (2005)
VI  Vashon Island (2005)

�) Background English sole, shiner surfperch,
and slender crab sampling areas 
BL  Blake Island (2004)
EP  East Passage (2004)

Area potentially affected by
Asarco smelter emissions

a

Duwamish River basin

a Area-Wide Soil Contamination Task Force 2003; based on soil data
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Map 8-1. Clam sampling locations and habitat
relative to IDW interpolation of arsenic
concentrations in surface sediment

2004 clam sampling location

2007 clam sampling location
a

Intertidal clam area
b

Intertidal clam area plus buffer area
b

Interpolated arsenic concentration 

in surface sediment (mg/kg dw)
c

> 25

> 14 and ≤ 25

> 11 and ≤ 14

> 8.6 and ≤ 11

≤ 8.6

Outside the LDW study area

River mile

Navigation channel

±

±

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

LLCWindWard
environmental

95th percentile = 25
75th percentile = 14
50th percentile = 11
25th percentile = 8.6

a The coordinates for locations C9_North and C10-1_North were not
correctly recorded because of a malfunctioning GPS, and do not
appear on this map.
b Areas used to estimate the sediment SWAC in clam/tissue sediment
regressions.
c Percentiles were calculated on an area basis as the concentration at
which a particular percentage of the LDW area has interpolated values
less than or equal to that concentration (e.g., the 95th percentile is the
concentration at which 95% of the LDW area has interpolated
concentrations ≤ 25 mg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. For locations
with non-detects, a value of one-half the RL at that location was used.
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Map 8-2. Clam sampling locations and habitat
relative to IDW interpolation of cPAH
concentrations in surface sediment

2004 clam sampling location
a

Intertidal clam area
b

Intertidal clam area plus buffer area
b

Interpolated cPAH concentration

in surface sediment (µg/kg dw)
c

> 1,100

> 460 and ≤ 1,100

> 260 and ≤ 460

> 130 and ≤ 260

≤ 130

Outside the LDW study area

River mile

Navigation channel

±

±

Scale is the same for each inset map

0 0.1 0.2
Miles

0 0.1 0.2
Kilometers

LLCWindWard
environmental

95th percentile = 1,100
75th percentile = 460
50th percentile = 260
25th percentile = 130

a Clams were collected in 2007 but were not analyzed for cPAHs.
b Areas used to estimate the sediment SWAC in clam tissue/sediment
regressions.
c Percentiles were calculated on an area basis as the concentration at
which a particular percentage of the LDW area has interpolated values
less than or equal to that concentration (e.g., the 95th percentile is the
concentration at which 95% of the LDW area has interpolated
concentrations ≤ 1,100 µg/kg dw). Interpolated concentrations were
calculated including locations with non-detected values. cPAH
concentrations are based on benzo(a)pyrene equivalents. TEQs were
calculated with mammalian PEFs for seven individual PAH compounds
(California EPA 1994), using one-half the RL for undetected compounds.
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Map 9-2. Early Action Areas (identified in
2003) and Ecology's February 2007 source
control boundaries
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Map 9-3. Ecology's administrative source
control boundaries (identified as of February
2008)

Ecology's administrative source control
boundaries (identified as of February 2008)

Boundaries established by Ecology as of 07/08/08 (Good 2008)
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Bold  - Areas to be discussed in detail in Appendix I
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a
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Terminal-115
a

Trotsky Inlet
a

Riverside Drive

Terminal-117
a

Sea King Industrial Park

Restoration areas

EAA and February 2007 source control boundaries
Based on areas provided by Ecology (February 2007) and some of the
EAA cleanup boundaries (see Section 9.2.2).

Tax parcel
b

River mile

Navigation channel

LLCWindWard
environmental
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a

Boeing Isaacson
a
/Central KCIA

Slip 6

Boeing Developmental Center
a

Norfolk CSO/SD

a Company names are used only to designate areas and are not necessarily included in the cleanup program or responsible for contamination in those areas.

b Tax parcel information was provided in 2008 by Seattle Public Utilities and King County. Some tax parcel polygons were edited to conform to the LDW shoreline
presentation. A comprehensive survey of property-owner records was not conducted.
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Kellogg Island

Pacific Stove and Foundry Company (historical, 
metal treatment facility). Wastes consisted of 
acids, bases and cyanide. The waste was 
dumped onto an adjacent parcel.

Superior Portland Cement Company (historical, cement plant).
Wastes included sewage and water used to cool bearings.
Used bricks and kiln lining were used as backfill behind
a bulkhead. 

1974 PCB spill and cleanup

Terminal 106 SW

S Idaho St

Diagonal A
ve S

Fruit canning facility (historical)

Pacific Coast Forge Company (historical, forge operations and
manufacturer of nuts and bolts). The company was known to 
produce oil and acid waste. Every two weeks, 875 cubic feet of
acid tank contents were dumped into a sand pit. The pit filtered
the waste, which then flowed into the river. Acid waste was also
dumped into an underground settling box and then drained to the
waterway. Prior to development of the pit, oil from cutting machines
was discharged directly into the river. 

Reem Manufacturing Company 
(historical, hot water tank and 
heater manufacturer). Neutralized 
pickling liquor was discharged
to the river. 

Seaboard Lumber Company (historical). 
Generated wood waste. 

City of Seattle former Diagonal wastewater treatment
plant. Also identified as Oregon St treatment Plant. 

Cement plant (historical and ongoing)

General Construction Company (historical).
Waste included sewage. 

Disposal of sediment from Slip 1 cleanup, 
and former sludge bed lagoons.

Manufacturers Mineral company
(historical, rock processing facility). 
Granite sand was used as fill material.

Cunningham Steel Foundry (historical, 
steel foundry). Sand was used as fill 
material. 

Abrahamson Brick Company (historical).
Broken brick was used as fill material,
may have leached oils.
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Kellogg Island

Kellogg Island to Lafarge Cement
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SQS/CSL category for
surface sediment locationa

!( > CSL, detect

!( > SQS and ≤ CSL, detect

�) > CSL, non-detect

�) > SQS and ≤ CSL, non-detect

!( ≤ SQS, detect and non-detect

!( Seep sampling location

Outfall classification
b

k

#*

9 CSO

k

#*

9 CSO/storm drain

k

#*

9 EOF

k

#*

9 Permitted private storm drain

k

#*

9 Private storm drain

k

#*

9 Public storm drain

k

#*

9 Pipe of unresolved origin and/or use

XW� Abandoned

XW� Not an outfall

GF Stream, channel, or swale

WasteType
c

Liquid waste

Solid waste

Dredge spoils

Terminal dredge and fill

Tax parceld

Early action areae

Dredged area
f

Dredged and capped area
f

Thin-layer placement
f

River mile

Navigation channel

Photo source: "USGS High Resolution Orthoimage, Seattle/Tacoma, WA", United States Geological Survey, 2003. Distributed by King County GIS. Photo date 06/11/2002.

Most of the information regarding historical operations shown on this map was compiled from
Foster (1945) and the Pollution Control Commission (1955). Historical information was also
obtained, to a limited degree, from other sources during the review of property-specific information.
Information presented on this map is a summary of information from available documentation and
is not comprehensive. No attempt was made to comprehensively summarize historical operations
between 1955 and the present. The locations of the text boxes are based on available information;
in many cases, the exact locations are unknown. This map is intended to identify approximate
locations of historical operations relative to the LDW and should not be used to associate these
operations with individual parcels. None of the resource information has been independently
verified for completeness or accuracy beyond the citations noted.

a
 When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations are compared instead to the LAET and 2LAET.

b
 Outfalls shown were identified during a City of Seattle low-tide survey in 2003 (Herrera 2004). Some locations were initially identified using drainage maps from Ecology’s National Pollutant Discharge Elimination System (NPDES) permit files and other relevant agency databases. These locations

were later surveyed in the field. Review of agency files and interviews with agency and LDWG personnel provided additional outfall-specific information. Some locations were field-verified by LDWG members; some additional outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at the time the survey was completed (2003). More recent information, when available, is reflected in the outfall discussions in Appendix I.
c
 Sweet Edwards 1985. Duwamish groundwater study. Prepared for Municipality of Metropolitan Seattle. Sweet, Edwards and Associates, Inc. and Harper-Owes Company, Seattle, WA

d
 Tax parcel information was provided in 2008 by Seattle Public Utilities and King County. Some tax parcel polygons were edited to conform to the LDW shoreline presentation. A comprehensive survey of property-owner records was not conducted. Names represent tenant/operator or owner.

e
 Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.

f
 For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging/capping in 2003/2004, or thin-layer placement in 2005. For other dredged areas, surface sediment data were collected after dredging. Subsurface sediment
data in dredged areas were collected prior to dredging. Dredging information provided by AECOM. Year shown represents dredge year.

LLCWindWard
environmental
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Zellerbach Corporation (historical, charcoal
manufacturer). Generated 100 cubic feet 
of copper ammoniate waste per month. 
Waste was disposed of on land and in
the river. 

National Steel Construction Company
(historical, steel construction company). 
Disposed of 1250 gallons per month of
sulfuric acid and 250 gallons per month
of  5% hydrofluoric acid into the river.
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Frank's
Used Cars

(approximate
former location)

Former MRI Corporation

SDOT
right-of-way

MRI Corporation (historical,
tin reclamation facility)

Klinker Sand and Gravel Company (historical). Gravel
wash water was discharged into the river. The concrete
and truck washings were used to make fill. 

Glacier Gravel Company (historical). Truck
washings and concrete waste were used
as bank fill. Some gravel was spilled into 
the waterway during transport. 

Hale's Construction (historical, hazardous materials storage)

Duwamish Marine Center (historical and ongoing shipyard)

Boeing Plant 1 (historical). Chromic acid waste was
discharged into the river (2200 gallon tanks were
dumped every 8 months); 25-50 lbs of chromic acid
waste was spilled or dripped every day. A small 
amount of cutting oil may also have entered the river. 

Pacific Metal and Salvage Company (historical, wrecking
and salvaging operations). Broken pieces of ships fell 
into the river. A significant oil spill was reported.

Seattle Export Lumber Company (historical). Cooler 
water and sewage from the mills drained into the river. 

I.F. Laucks Factory (historical, paint
and glue manufacturing). Generated
caustic soda discharge was cleaned
and discharged into the city sewer.

Ship building
(historical)

Cement manufacturer (historical)

Northwest Cooperage (historical and ongoing, drum
recycling). A waste lagoon was located on the property,
which discharged to the river under a pier. This facility
generated sodium hydroxide waste. 

Reichold Chemical Company (historical, chemical 
manufacturer). Drum recycling beginning in 1943. 
Phenols and pentachlorophenol were present in
liquid wastes.

Siler Box Company (historical). Sawdust was 
reportedly dumped at the water's edge.

Continental Can Company (historical
machine shop). Cooler water from a
compressor was discharged into the
river. A small amount of cutting oil
was dumped in the yard.

Seattle Boiler Works (historical and ongoing).
Water from a hydraulic press was discharged
into the waterway.

Metal manufacturing and
terminal operations (historical).

Seabell Shipbuilding Company
 (historical, ship construction)

Highland Park Way SW

Terminal 115

Glacier Northwest

BPB Gypsum

Alaska Marine Lines

Dawn Food Products Inc.

Seattle Iron & Metal

Boyer Towing

Lafarge Corp

Duwamish Shipyard

Glacier Marine Services

Glacier Northwest

Saint-Gobain Containers

Seattle
Distribution

Center

Seattle Boiler Works

Trotsky/former Northwest Cooperage
(currently Industrial Container Services)

J. A. Jack & Sons

Alaska Marine Lines

Seattle
Cold Storage

Hale's Construction

Chemithon Corp

Glacier Northwest

Foss Environmental

Longview Fibre Paper and Packaging

Puget Sound
Truck Lines

Silver Bay
Logging

SDOT right-of-way

Wells Trucking
& Leasing

Hurlen Construction Company

Boyer Towing

Duwamish
Marine Center

Alki Construction Company

BIA
Rainer

Petroleum

Big John's Truck
Repair - (approximate

former location)

Residential

Duwamish
Marine Center

Slip 3 to Seattle
Boiler Works

Glacier Bay

Saint-Gobain to Glacier NW

Seattle Boiler
Works to Slip 4

Trotsky Inlet

Slip 2 to
Slip 3

1986,

1993,

2005

1996,

1999
2001

1993

1993

1998,

2004

1998

2.6

2.5

1.9

1.8

1.7

1.6

1.5

1.3

2.4

2.3

2.1

1.4

1.2

2.0

Map 9-4b. Selected historical operations
near the LDW, RM 1.2 to RM 2.6
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Outfall classificationb
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Dredged and thin-layer placementf
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Navigation channel

Photo source: "USGS High Resolution Orthoimage, Seattle/Tacoma, WA", United States Geological Survey, 2003. Distributed by King County GIS. Photo date 06/11/2002.
a
 When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations are compared instead to the LAET and 2LAET.

b
 Outfalls shown were identified during a City of Seattle low-tide survey in 2003 (Herrera 2004). Some locations were initially identified using drainage maps from Ecology’s National Pollutant Discharge Elimination System (NPDES) permit files and other relevant agency databases. These locations

were later surveyed in the field. Review of agency files and interviews with agency and LDWG personnel provided additional outfall-specific information. Some locations were field-verified by LDWG members; some additional outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at the time the survey was completed (2003). More recent information, when available, is reflected in the outfall discussions in Appendix I.
c
 Sweet Edwards 1985. Duwamish groundwater study. Prepared for Municipality of Metropolitan Seattle. Sweet, Edwards and Associates, Inc. and Harper-Owes Company, Seattle, WA

d
 Tax parcel information was provided in 2008 by Seattle Public Utilities and King County. Some tax parcel polygons were edited to conform to the LDW shoreline presentation. A comprehensive survey of property-owner records was not conducted. Names represent tenant/operator or owner.

e
 Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.

f
 For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging/capping in 2003/2004, or thin-layer placement in 2005. For other dredged areas, surface sediment data were collected after dredging. Subsurface sediment
data in dredged areas were collected prior to dredging. Dredging information provided by AECOM. Year shown represents dredge year.

Most of the information regarding historical operations shown on this map was compiled from
Foster (1945) and the Pollution Control Commission (1955). Historical information was also
obtained, to a limited degree, from other sources during the review of property-specific information.
Information presented on this map is a summary of information from available documentation and
is not comprehensive. No attempt was made to comprehensively summarize historical operations
between 1955 and the present. The locations of the text boxes are based on available information;
in many cases, the exact locations are unknown. This map is intended to identify approximate
locations of historical operations relative to the LDW and should not be used to associate these
operations with individual parcels. None of the resource information has been independently
verified for completeness or accuracy beyond the citations noted.
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Former Slip 5

S Cloverdale St

Dallas Ave S

S 92 Pl

A&B Barrel Company (historical, 
barrel and drum reconditioning). 
Liquid wastes such as oils, 
grease and sodium hydroxide
were discharged to a pond and
ultimately drained to the river. 

City Packing Plant (historical, meat packing plant). Manure,
blood, and floor washings entered the waterway.

Isaacson Works (historical, steel forging facility).
Isaacson Works discharged carbide waste from
an acetylene generator into the river and on land.
There was also a possible plating shop on the
property. Cooling water drained into the river.

Kenworth Motor Truck Corp/PACCAR (historical, 
heavy truck manufacturer). Caustic wash water
and oil were discharged into the storm sewer and
ultimately into the river. Acid waste was disposed
of on land. 

Airplane painting and
commissioning (historical)Seattle Concrete Pipe Company

(historical, pipe making facility). 
Used concrete fill along the shoreline.

Asphalt plant (historical)

Puget Timber Company (historical, creosote pole treatment facility).
Creosote was reported to leach into the water during transport. 

Hydraulic Supply Manufacturing Company (historical
machine work and pipe making facility). Each day,
150 lbs of carbide waste was drained into the river.

Boeing Plant 2 (historical and ongoing, airplane part manufacturing
and steel and equipment manufacturing facility). Chromic acid 
waste from metal plating tanks entered waterway. As much as 1000 
gallons to 200 lbs of acid may have been lost each day. Carbide 
waste and cutting oil were dumped on the ground. Small amounts of
caustic waste and a small spill of sodium nitrate drained into the 
river. Cyanide and chromate have been spilled or have leaked onto
the property. 

Basin Oil (historical, used oil and
antifreeze processing facility)

Asphalt manufacturing (historical)

Mineralized Cell Wood Preserving Company (historical, log
treatment facility). Disposed of arsenic and copper sulfate on
the ground. Fuel oil was spilled on the ground.  Wood treated
with a solution containing arsenic and sulfate salts of copper
and zinc. Chemicals may have leached out of the wood into
the water during transport.  

Bethlehem Steel Corp. (historical, steel fabrication and 
galvanization facilities). Caustic wash water was
discharged into the river. 
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Sea King
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Georgetown Steam Plant
(historical power plant).
See inset.
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Map 9-4c. Selected historical operations
near the LDW, RM 2.6 to RM 4.1
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WasteType
c

Solid waste

Liquid waste
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e

Dredged area
f

Filled former slip

Georgetown flume 
(approximate former path)

River mile

Navigation channel

Photo source: "USGS High Resolution Orthoimage, Seattle/Tacoma, WA", United States Geological Survey, 2003. Distributed by King County GIS. Photo date 06/11/2002.
a
 When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations are compared instead to the LAET and 2LAET.

b
 Outfalls shown were identified during a City of Seattle low-tide survey in 2003 (Herrera 2004). Some locations were initially identified using drainage maps from Ecology’s National Pollutant Discharge Elimination System (NPDES) permit files and other relevant agency databases. These locations

were later surveyed in the field. Review of agency files and interviews with agency and LDWG personnel provided additional outfall-specific information. Some locations were field-verified by LDWG members; some additional outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at the time the survey was completed (2003). More recent information, when available, is reflected in the outfall discussions in Appendix I.
c
 Sweet Edwards 1985. Duwamish groundwater study. Prepared for Municipality of Metropolitan Seattle. Sweet, Edwards and Associates, Inc. and Harper-Owes Company, Seattle, WA

d
 Tax parcel information was provided in 2008 by Seattle Public Utilities and King County. Some tax parcel polygons were edited to conform to the LDW shoreline presentation. A comprehensive survey of property-owner records was not conducted. Names represent tenant/operator or owner.

e
 Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.

f
 For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging/capping in 2003/2004, or thin-layer placement in 2005. For other dredged areas, surface sediment data were collected after dredging. Subsurface sediment
data in dredged areas were collected prior to dredging. Dredging information provided by AECOM. Year shown represents dredge year.

Most of the information regarding historical operations shown on this map was compiled from
Foster (1945) and the Pollution Control Commission (1955). Historical information was also
obtained, to a limited degree, from other sources during the review of property-specific information.
Information presented on this map is a summary of information from available documentation and
is not comprehensive. No attempt was made to comprehensively summarize historical operations
between 1955 and the present. The locations of the text boxes are based on available information;
in many cases, the exact locations are unknown. This map is intended to identify approximate
locations of historical operations relative to the LDW and should not be used to associate these
operations with individual parcels. None of the resource information has been independently
verified for completeness or accuracy beyond the citations noted.
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American Wine Growers (historical, 
distilling and bottling plant)

Pacific Rendering Company (historical, fish processing facility). 
Washings from processing tanks and a small amount
of caustic waste drained to a slough. 

Pankratz Lumber Company (historical). Stored sawdust
piles along the shoreline.

Acme Packing Company (historical, slaughterhouse)
Manure and floor washings drained into the river. 

Slaughterhouse (historical)

Gas station, grocery store, winery, and auto wrecking (historical) 
Boeing Developmental Center (historical and
ongoing, airplane manufacturing).
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Photo source: "USGS High Resolution Orthoimage, Seattle/Tacoma, WA", United States Geological Survey, 2003. Distributed by King County GIS. Photo date 06/11/2002.
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a
 When OC-normalization was not appropriate because TOC content was < 0.5% or > 4.0%, dry weight concentrations for these locations are compared instead to the LAET and 2LAET.

b
 Outfalls shown were identified during a City of Seattle low-tide survey in 2003 (Herrera 2004). Some locations were initially identified using drainage maps from Ecology’s National Pollutant Discharge Elimination System (NPDES) permit files and other relevant agency databases. These locations

were later surveyed in the field. Review of agency files and interviews with agency and LDWG personnel provided additional outfall-specific information. Some locations were field-verified by LDWG members; some additional outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at the time the survey was completed (2003). More recent information, when available, is reflected in the outfall discussions in Appendix I.
c
 Sweet Edwards 1985. Duwamish groundwater study. Prepared for Municipality of Metropolitan Seattle. Sweet, Edwards and Associates, Inc. and Harper-Owes Company, Seattle, WA

d
 Tax parcel information was provided in 2008 by Seattle Public Utilities and King County. Some tax parcel polygons were edited to conform to the LDW shoreline presentation. A comprehensive survey of property-owner records was not conducted. Names represent tenant/operator or owner.

e
 Several of the EAA boundaries are approximate and have not been finalized by EPA/Ecology; a description of each EAA boundary is presented in Section 9.2.2.

f
 For the Duwamish/Diagonal Early Action Area, surface sediment data in the baseline dataset represent samples collected before dredging/capping in 2003/2004, or thin-layer placement in 2005. For other dredged areas, surface sediment data were collected after dredging. Subsurface sediment
data in dredged areas were collected prior to dredging. Dredging information provided by AECOM. Year shown represents dredge year.

Most of the information regarding historical operations shown on this map was compiled from
Foster (1945) and the Pollution Control Commission (1955). Historical information was also
obtained, to a limited degree, from other sources during the review of property-specific information.
Information presented on this map is a summary of information from available documentation and
is not comprehensive. No attempt was made to comprehensively summarize historical operations
between 1955 and the present. The locations of the text boxes are based on available information;
in many cases, the exact locations are unknown. This map is intended to identify approximate
locations of historical operations relative to the LDW and should not be used to associate these
operations with individual parcels. None of the resource information has been independently
verified for completeness or accuracy beyond the citations noted.
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Map 9-6. Historical waste disposal sites and 
landfills within the LDW summation area as
identified by Sweet Edwards (1985)
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Much of the information regarding historical waste disposal and landfill sites shown on this map
was compiled from Sweet Edwards (1985). Historical information was also obtained, to a limited
degree, from other sources during the review of LDW-related information. The locations of the
historical waste disposal and landfill sites presented on the map are approximate locations based
on available information; in many cases, the exact locations are unknown. This map is intended
to identify approximate locations of historical waste disposal and landfill sites relative to the LDW
and should not be used to associate these sites with current property operations. Some of the
resource documents used to create this map are known to contain errors. None of the resource
information has been independently verified beyond the citations noted.

Sweet Edwards. 1985. Duwamish ground water study. Prepared for Municipality of Metropolitan
Seattle. Sweet, Edwards and Associates, Inc. and Harper-Owes Company, Seattle, WA.

WasteType

Solid waste

Liquid waste

Liquid and solid waste

Dredge spoils

Terminal dredge and fill

Landfill or dump site
a

Filled former slip

Pre-1900 Shoreline

Tax parcel

Road

Navigation channel

River mile

a Labeled landfills are those specifically
identified in Section 9.3.2.5.
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Map 9-7. King County atmospheric deposition 
monitoring stations

Source: King County (2008b)
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BW - Beacon Hill
BWR - Relocated Beacon Hill
CE - Duwamish Valley/E Marginal Way S
CER - Relocated Duwamish Valley/E Marginal Way S
DZ - Georgetown
KCIA - King County International Airport
SPCC - South Park Community Center

The information included on this map has been compiled from a variety of sources and is subject to change without notice. King 
County makes no representations or warranties, express or implied, as to accuracy, completeness, timeliness, or rights to the use 
of such information. King County shall not be liable for any general, special, indirect, incidenital, or consequential damages 
including, but not limited to, lost revenues or lost profits resulting from the use or misuse of the information contained on this 
map. Any sale of this map or information on this map is prohibited except by written permission of King County.
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Map 9-8a. Outfall locations and ownership,
RM 0.0 to RM 0.7
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Outfall classification
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9 CSO/storm drain

k
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9 Permitted private storm drain
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9 Public storm drain

k

#*

9 Pipe of unresolved origin and/or use

XW� Abandoned

XW� Not an outfall

GF Stream, channel, or swale

Tax parcel
b

Road

Navigation channel

River mile
a Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and LDWG personnel provided additional
outfall-specific information. Some locations were field-verified by LDWG
members; some additional outfall locations were identified during these
subsequent verifications. The outfall layer is meant to serve as a snapshot
of outfall conditions at the time the survey was completed (2003). More
recent information, when available, is reflected in the outfall discussions in
Appendix I.

b Tax parcel information was provided in 2008 by Seattle Public Utilities and
King County. Some tax parcel polygons were edited to conform to the LDW
shoreline presentation. A comprehensive survey of property-owner records
was not conducted.
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RM 0.7 to RM 1.5
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b
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a Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and LDWG personnel provided additional
outfall-specific information. Some locations were field-verified by LDWG
members; some additional outfall locations were identified during these
subsequent verifications. The outfall layer is meant to serve as a snapshot
of outfall conditions at the time the survey was completed (2003). More
recent information, when available, is reflected in the outfall discussions in
Appendix I.

b Tax parcel information was provided in 2008 by Seattle Public Utilities and
King County. Some tax parcel polygons were edited to conform to the LDW
shoreline presentation. A comprehensive survey of property-owner records
was not conducted.
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a Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and LDWG personnel provided additional
outfall-specific information. Some locations were field-verified by LDWG
members; some additional outfall locations were identified during these
subsequent verifications. The outfall layer is meant to serve as a snapshot
of outfall conditions at the time of the survey was completed (2003). More
recent information, when available, is reflected in the outfall discussions in
Appendix I.

b Tax parcel information was provided in 2008 by Seattle Public Utilities and
King County. Some tax parcel polygons were edited to conform to the LDW
shoreline presentation. A comprehensive survey of property-owner records
was not conducted.
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Map 9-8d. Outfall locations and ownership,
RM 2.4 to RM 3.1±
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a Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and LDWG personnel provided additional
outfall-specific information. Some locations were field-verified by LDWG
members; some additional outfall locations were identified during these
subsequent verifications. The outfall layer is meant to serve as a snapshot
of outfall conditions at the time the survey was completed (2003). More
recent information, when available, is reflected in the outfall discussions in
Appendix I.

b Tax parcel information was provided in 2008 by Seattle Public Utilities and
King County. Some tax parcel polygons were edited to conform to the LDW
shoreline presentation. A comprehensive survey of property-owner records
was not conducted.
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Map 9-8e. Outfall locations and ownership,
RM 3.1 to RM 3.9±
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b
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River mile
a Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and LDWG personnel provided additional
outfall-specific information. Some locations were field-verified by LDWG
members; some additional outfall locations were identified during these
subsequent verifications. The outfall layer is meant to serve as a snapshot
of outfall conditions at the time the survey was completed (2003). More
recent information, when available, is reflected in the outfall discussions in
Appendix I.

b Tax parcel information was provided in 2008 by Seattle Public Utilities and
King County. Some tax parcel polygons were edited to conform to the LDW
shoreline presentation. A comprehensive survey of property-owner records
was not conducted.
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Map 9-8f. Outfall locations and ownership,
RM 4.0 to RM 5.0
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a Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and LDWG personnel provided additional
outfall-specific information. Some locations were field-verified by LDWG
members; some additional outfall locations were identified during these
subsequent verifications. The outfall layer is meant to serve as a snapshot
of outfall conditions at the time the survey was completed (2003). More
recent information, when available, is reflected in the outfall discussions in
Appendix I. A City pump station EOF also discharges through the Norfolk
CSO/SD outfall.

b Tax parcel information was provided in 2008 by Seattle Public Utilities and
King County. Some tax parcel polygons were edited to conform to the LDW
shoreline presentation. A comprehensive survey of property-owner records
was not conducted.
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Map 9-9. Business inspections completed by
SPU through December 2007

Business inspection locations, 2003 to 2007

�) Follow-up inspection  

!( Full inspection  

GF Screening visit  

Combined sewer service area
discharging to the LDW

Greater LDW surface drainage basin

Diagonal Ave S CSO/SD

Norfolk SD

Slip 4

7th Ave S SD
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Hamm Creek

Central KCIA
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Remaining east side public SDs

S 96th St SD

Glacier Bay/SW Kenny SD

Private waterfront drains

Road
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City boundary

LLCWindWard
environmental ±
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0 0.5 1
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Source: Schmoyer (2008a)
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2127, Terminal 115 CSO (038)/

SW Kenny SD, King County/SPU

WF-10

WF-9

WF-1

WF-2

WF-8

WF-7

WF-3

WF-6

WF-4

WF-5

WF-11

2510

2147, SPU

2125, SPU

2112, SPU

2048 – NBF SD, SPU

S Brighton St CSO/SD, SPU

2155 – Diagonal Avenue S CSO/SD (111), SPU, King County

2205

2100 (A), King County
2080, King County

2062, SPU/King County EOF/SD

2095 – Norfolk CSO/SD (044), KC/SPU/Boeing

Map 9-10. Input locations for storm drain
sub-basins in the lateral load analysis

LLCWindWard
environmental ±

0 0.5 1
Miles

0 0.5 1
Kilometers

Source: Schmoyer (2008a)
Lateral load analysis information provided in Section 9.4.4.6 and Table 9-13.

Combined sewer service area
discharging to the LDW

Greater LDW surface drainage basin

Diagonal Ave S CSO/SD (2155)

Norfolk SD (2095)

Slip 4 (2048)

7th Ave S SD (2112)

West side public SDs (2147, 2125, 2510)

Hamm Creek (2205)

Central KCIA (2062)

South KCIA (2080)

Remaining east side public SDs
(S. Brighton St CSO/SD)

S 96th St SD (2100 (A))

Glacier Bay/SW Kenny SD (2127)

Private waterfront drains

Outfall classification
a

k

#*

9 CSO/storm drain

k

#*

9 EOF/storm drain

k

#*

9 Public storm drain

GF Stream, channel, or swale

Road

Creek

City boundary
a Outfalls shown were identified during a City of Seattle low-tide survey
in 2003 (Herrera 2004). Some locations were initially identified using
drainage maps from Ecology’s National Pollutant Discharge Elimination
System (NPDES) permit files and other relevant agency databases.
These locations were later surveyed in the field. Review of agency files
and interviews with agency and Lower Duwamish Waterway Group
(LDWG) personnel provided additional outfall-specific information.
Some locations were field-verified by LDWG members; some additional
outfall locations were identified during these subsequent verifications.
The outfall layer is meant to serve as a snapshot of outfall conditions at
the time the survey was completed (2003). More recent information,
when available, is reflected in the outfall discussions in Appendix I.
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Map 9-11. Source-tracing program sampling
locations through December 2007

!. Onsite catch basin

!. ROW catch basin

GF In-line sediment trap

�/ In-line sediment

Combined sewer service area
discharging to the LDW

Greater LDW surface drainage basin

Diagonal Ave S CSO/SD

Norfolk SD

Slip 4
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Source: Schmoyer (2008a)
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Map 9-12. Total PCB concentrations in source
tracing sediment samples through December
2007
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Map 9-13. Mercury concentrations in source
tracing sediment samples through December
2007
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Map 9-14. BEHP concentrations in source
tracing sediment samples through December
2007
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�/ ≤ 1,300

�/ > 1,300 and ≤ 2,600

�/ > 2,600 and ≤ 10,000

�/ > 10,000 and ≤ 100,000

�/ > 100,000

Combined sewer service area
discharging to the LDW

Greater LDW surface drainage basin

Diagonal Ave S CSO/SD

Norfolk SD

Slip 4

7th Ave S SD

West side public SDs

Hamm Creek

Central KCIA

South KCIA

Remaining east side public SDs

S 96th St SD

Glacier Bay/SW Kenny SD

Private waterfront drains

Road

Creek

City boundary

LLCWindWard
environmental ±

0 0.5 1
Miles

0 0.5 1
Kilometers

Source: Schmoyer (2008b)



Map 9-15. Diagonal Avenue S CSO/SD 
in-line source tracing sample locations

Source tracing
sample location



Map 9-16. Storm drain source tracing 
sample locations in the Norfolk 
drainage basin

Legend

Source tracing sample location
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±
Map 9-17. Properties with documented
groundwater information

±

Scale is the same for each inset map

0 1,500 3,000
Feet

0 400 800
Meters

LLCWindWard
environmental

%, Monitoring well
a
 

!( Seep water sampling location

!( Porewater sampling location

Parcel with groundwater information
a

Tax parcel
b

Navigation channel

River mile

Note: The labeled properties are those that were included
in the groundwater pathway assessment (Appendix G in
Windward 2003a).

a Well coordinates were provided by the Port of Seattle for
the T-117 site, and by Boeing for North Boeing Field. All
other well locations were estimated from existing LDW
RI/FS data gaps reports, SCAPs, and the LDW Phase 1
RI (Appendix G in Windward 2003a). Locations are
approximate. Monitoring well location information is not
available for all parcels.

b Tax parcel information was provided by Seattle Public
Utilities and King County. Some tax parcel polygons were
edited to conform to the LDW shoreline presentation. A
comprehensive survey of property-owner records was not
conducted.
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